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I NTRODliCTION

since this 15 0;jr first formal scientific report, ! small take th i s

opportunity to present 'he organization amd philosophy of the institute of

Cancer Research to the agencies and individuals who provide financial support

for the research work and to scientific institutions throughout the world with

'whom we are intellectually joined through the exchange of ideas and knowledge.

The Institute of Cancer Research was created in order better to integrate

medical education, research, and patient care in the broad field of neoplastic

disease. Laboratory research is conducted in a number of the departmental

laboratories of the college or physicians and surgeons and in one hundred

twenty-five laboratories contained : n four stories of "i he college which are

specifically allocated for cancer research. clinical research on neoplastic

disease and the medical care of cancer patients are accomplished on the wards

of the Presbyterian Hospital and its affiliates, the New York Orthopedic

Hospital, Babies Hospital, Sloan Hospital for Women, Squier Urological Clinic,

and the Neurological Institute. These several units are closely linked both

physically and with regard to their professional personnel. !n 1^51, AN

important addition was made to the Institute of Cancer Research, the 300-bed

Francis Oelafied Hospital, a modern clinic, hospital and research center,

which was built by the City of New York. This institution is administered

ey the cltv of new york eut is professionally staffed entirely by the

Columbia University College of Physicians and Surgeons.

These constitute the physical facilities of the Institute of Cancer

Research. ..icre important than the space and equipment, however, are the

investigators who teach, provide medical care for cancer patients and,

through research, strive to broaden the knowledge of abnormal growth. The

men and women who are the institute of cancer research have academic
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appointments in the: departments of the college of physicians and surgeons.

Thus the Institute of Cancer Research implements the concept that investigation

of the biological and clinical problems presented by abnormal growth can best

se pursued 5y a voluntary i nterdepartmental cooperation. v/ 1 thin this

organizational pattern the techniques, skills and specialized knowledge of

multiple scientific disciplines can mingle and on a voluntary basis, form

into ad hoc teams, and re-form a3 the issues under study dictate, the

administrative mechanism to facilitate the work of this federation of

scientists and clinicians is provided by the cancer research coordinating

commi ttec.

so much for the organization of the institute of cancer research. what

of its work? the body of this report deals almost exclusively with the

research activities carried out during the yeah 1951-1952. other functions

of the Institute have not been neglected and I shall therefore briefly

describe them here.

The educational Program presented by members of the Institute of Cancer

Research includes instruction of medical students through lectures, and

Clinical or laboratory research elective courses. Young physicians, dentists

AND NURSES ARE TRAINED IN MANY ASPECTS OF HUMAN CmNCER THROUGH SUPERVISED

experience on the wards of the presbyterian and delaf i eld hospitals. post

Graduate education is presented in a two-week intensive course at the Delafield

Hospital and \n teaching symposia in which members of the staff go as a unit

to deliver lectures on various phases of cancer before medical groups in

other communities. finally the institute recognizes its obligation to

inform the public about cancer. an effort 70 meet this responsibility has

been made through lectures, articles, radio and television programs.

the care of cancer patients can best be indicated ey a few statistics.

During the year 1951-52 4-187 cancer patients were admitted to the
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HOSPITALS OF THE CoLUUZ I A-pKESBYTER f AN MECU C.-L CENTER AND 1100 CASES WERE

ADMITTED TO THE NEWLY OPEMED FRANCIS DeL/aF I ELD HOSPITAL. TrIESE FIGURES SERVE

AS A CONSTANT REMINDER OF THE MAGNITUDE OF THE PR08LEM PRESENTED BY NEOPLASTIC

DISEASE AND AS A SPUR TOVV/i,':..
^
;
, FULL REALIZATION OF THE OPPORTUNITIES FOR

ADVANCEMENT OF KNOWLEDGE OFFERED BY THE INSTITUTE OF CANCER RESEARCH.

July, 1952 ALFRED GELLHORN, iil.D





HC PAKTMENT OF bl PC HEM I STRY

Cancer research in the Department of Biochemistry has been developed from a

broad ease ranging from the chemistry of nucleic acid in wheat germ to cholesterol

formation in h ypercholesterolem i c patients. ! n all of the investigations emphasis

has been placed on the bas ! c chemical properties of biologically significant

CELLULAR COMPONENTS AND ON THE FUNDAMENTAL BIOCHEMICAL MECHAN I SMS I N CELL FUNCTION.

OR. ERVViN CHARGArF AND HIS ASSOCIATES HAVE CARRIED ON PRODUCTIVE RESEARCH IN

THE CHEMISTRY OF THE CELL. THEIR CHIEF FIELDS OF INVESTIGATION HAVE bEEN THE

CHEMISTRY OF NUCLEIC ACIDS AND DESOXYR I OONUCLEOPROTE I NS , LIPOPROTEINS aND THE

CHEMISTRY AMD 5 I OLOG ! CAL FUNCTION OF THE INOSITOLS. THESE ARE ALL CONCERNED

WITH BIOCHEMICAL PROBLEMS FUNDAMENTAL TO CYTOLOGY, GENETICS, CANCER AND MANY OTHER

F I ELDS.

IN THE PAST YEAR, STUDIES ON THE DEGRADATION OF NUCLEIC ACIDS HAVE LED TO

THE ISOLATION AND IDENTIFICATION OF aim APURINIC ACID. CHEMICAL CHARACTERISATION

of lipoproteins have yielded l i
p i os not before available for study which are now

be i ng i dent i f i ed ghem i cally . the v i tam i n i mos i tol has been stud i ed from var i ous

standpoints. the function of this chemical compound is unknown. in certain

microorganisms it is essential for survival. in order to gain insight into its

function investigations have been carried out to identify the microbial enzyme

systems which are concerned with its degradation. of particular interest has

been the observation that inositol can prevent the mitotic inhibition produced

by colchicine on the onion root tip. this study has been confirmed by c'rs.

Chargaff and Murray using mammalian cells grown in tissue culture as the test

system. Insight into the chemistry of nucleic acids has been extended through

precise characterization of the desoxyr i bosenucle i c acid of wheat germ, studies

OM THE ENZYMATIC DEGRADATION OF THIS COMPLEX MOLECULE HaVE REVEALED THAT THE

"CORE" OF THIS NUCLEIC ACID IS DIFFERENT FROM THAT OF OTHER DEGRADED DNAS. THE

COMPOSITION OF DESOXYR I BOSENUCLE I C ACID AND PENTOSE NUCLEIC ACID DURING THE

EMBRYONIC DEVELOPEMENT OF SEA URCHIN EGGS HAS BEEN DETERMINED. SIMILARLY THE
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NUCLEIC ACIDS FROM SALMON SPERM HAVE BEEN PRECISELY CHARACTERIZED. THE COMPARA-

TIVE CHEMISTRY OF NUCLEIC ACIDS IS AN IMPORTANT STEP IN THE DETERMINATION OF THE

CAUSES FOR SFECIES VARIATION.

Dr. Stephen Zam e n ho f wo r k i n g with Dr. Chargaff has studied the chemistry of

the immunologically active substance of h'emoph i lus i nfluenzae in the past it

has been believed that this substance or substances consist of polysaccharides.

The work done in Dr. Zamenhof's laboratory during the past year has demonstrated

THAT THIS IS MOT THE CASE, BUT RATHER THaT THE ANTIGENIC MATERIAL IS A POLY-

Rl '30SEFHOSPH/ :.TE . IN COLL A30RAT I ON WITH DR. H. ALEXANDER, DR. ZAMENHOF HAS WORKED

ON THE CHEMISTRY 0- THE TRANSFORMING PRINCIPLE OF ii INFLUENZAE . IT HAS BEEN

SHOWN THAT THE PRINCIPLE IS A DESOXYR I BOSENUCLE I C ACID. THESE INVESTIGATIONS ON

MICROBIAL SYSTEMS HAVE FAR REACHING IMPLICATIONS IN CANCER RESEARCH AND MAY '.V'ELL

POINT THE WAY TO DEVELOPEMENT5 OF GREAT SIGNIFICANCE IN OUR UNDERSTANDING OF

CANCER BIOLOGY.

Dr. Z. Pi sc he has continued his investigations on the mechanism of enzymatic

SYNTHESIS Or HEXOSE-6-PHOSPHATE FROM R I 30SE-5-PHOSPHATE . THESE STUDIES ARE IN-

TIMATELY CONNECTED WITH THE GENERAL FIELD OF NUCLEIC ACID METABOLISM INASMUCH AS

THERE IS AS YET NO PRECISE KNOWLEDGE OF THE STEPS WHICH TAKE PLACE IN THE FORMATION

AND/OR INCORPORATION OF THE SUGAR MOIETY IN THE NUCLEIC ACID MOLECULE. Dr.

d i sche has also worked on the chemical composition of the neutral mucopoly-

saccharides of human serum. these complex molecules may have significance in

cancer inasmuch as there are alterations in the serum concentration of serum

polysaccharides during the course of the disease. the nucleotides of the heart

muscle under physiological and pathological conditions are also being actively

investigated.

Dr. David Rittenderg and his colleagues have continued their studies on the

rate of urert formation and excretion and of protein synthesis in man. a method

has been developed for the determination of total body water using isotopically
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TAGGEO UREA. THE PHYSICO-CHEMICAL REACTIONS OF ENZYMES AND THE IK SUBSTRATES

HAVE BEEN INVESTIGATED IN A VARIETY OF B I OLOG ! CAL SYSTEMS. IN COLLABORATIVE

RESEARCH WITH THE DEPARTMENT Or MEDICINE, PROBLEMS IN HUMAN PHYSIOLOGY AND

PATHOLOGY USING ISOTOPE-TRACER TECHNIQUES HAVE BEEN UNDER INVESTIGATION. THESE

INCLUDED THE BILE PIGMENT METABOLISM IN POLYCYTHEMIA VERA AND IN THE NORMAL

SUBJECT, THE LIFE SPAN Of ERYTHROCYTES IN THESE SAME INDIVIDUALS, AND CHOLESTEROL

FORMATION IN HYPERCHOLESTEROLEMIA PATIENTS. PORPHYRIN SYNTHESIS IN CELL FREE

SYSTEMS, AND THE IN VITRO FORMATION OF ANTIBODIES IN SPLEEN AND LIVE P. SLICES

WEP.E ALSO INVESTIGATED.

Dr. Davi d ShEMIN has DEMONSTRATED THE RELATIONSHIPS in THE BIOSYNTHESIS

Or PORPHYRINS TO THE TRICARBOXYLIC ACID CYCLE. iiE HAS ISOLATED AN INTERMEDIATE

OF THE KETOGLUTARATE--SUCCINATE REACTION WHICH IS THE PRECURSOR OF TWENTY-SIX

CARBON ATOMS OF PROTOPO'rPH /R I N . Th I S NEW 5UCC I MYL INTERMEDIATE NOT ONLY ARISES

from ketoglutarate but also directly fxo,': succinate. this clearly demon-

strates a partial reversibility of the ketoglutarate to succinate reaction, a

pathway which heretofore has been considered unidirectional.

Dr. David Spp. insqn /mMD his associates have investigated the biosynthesis

of shikimic acid in mutants of e. col i with the objective of characterizing the

pathways of aromatic amino acid metabolism. studies in microbiological systems -

on the utilization of methyl groups from glycine and serine in the synthesis

of choline and purines have continued. the use of c'^ labelled histidine for

nucleic acid synthesis in the rat has been studied. |t has been found that

carbon 2 of the histidine molecule is incorporated into purines.

B i ocHE:.; i stry Laboratory, Francis Delaf ie lo Hosp ital. This is an integrated

UNIT UNDER THE DIRECTION OF Dr. SAMUEL GRAFF WHICH IS PRIMARILY CONCERNED WITH

NUCLEIC ACIDS AND CARCINOGENIC VIRUSES. DftS ENGELMAN. GlLLESPIE AND WEIMTRAUB

ARE INVOLVED IN THE SYNTHESIS OF NOVEL PURINE ANALOGS WHICH MIGHT EITHER FUNCTION

AS PRECURSORS IN THE BIOSYNTHESIS OF THE NUCLEIC ACIDS, OR CONVERSELY, AS
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i nh 1 3 i tors of nucll t c acid synthes i s . attention has been focusseo on analogs of

guanine amd cuanazolo in which the nitrogen atoms of the pyrimidine moiety of

the purines have been replaced by carbon atoms. n i ne new compounds not pre-

viously described have been prepared so far in the course of the work. the

biol03!cal evaluation of these compounds is in progress.

the purine analogs and derivatives are under systematic physical study by

D r. may , utilizing principally infra-red absorption phenomena in an attempt to

elucidate the internal bonding of the compounds in the search for a clue to the

carcinostatic behavior of guanazolo and to the biological behavior of the

PURINES.

The PHYSICAL CHARACTERISTICS OF NUCLEIC ACIDS AND NUCI.EOPROTE ! ns from

VARIOUS SOURCES ARE BEING DETERMINED EY pR. MA " IN AN ATTEMPT TO PARALLEL

BIOLOGICAL DIVERSITY WITH PHYSICAL CONSTITUTION. HlS TOOLS ARE THE TlSELIUS

APPARATUS, THE ULTRACENTR I FUGE AND THE POLAR I SCOPE. OPTICAL PROPERTIES OF THESE

COMPOUNDS HAVE NOT BEEN STUDIED ADEQUATELY IN THE PAST.

ivtRS. Graff is active in the preparation, purification and chemical

characterization of these nucleic acids. she has observed some interesting

differences in the cellular associations and bonding of the nucleic acids and is

pursuing this problem further. she is also engaged in the difficult study of

the possibly important carbohydrate moietn of the nucleic acids.

Since the nucleic agios seem to play a role in the cancer problem and also

in embryonic developement, induction and differentiation, am investigation using

various nucleic acids is in progress under pr. ll fdke the results thus far

indicate that the effect on the developement of frog embryos at different stages

(blastula to tail bud) with regard to mortality rate and abnormalities may

possibly vary, depending on the source of nucleic acid. the inherent resistance

of the reacting organism, however, is also very important.





Implantations or diverse types of nucleic acids from different sources to

COMPETENT ECTODERM EXPLANTS AND THE AMPHIBIAN GA5TROCOEL, HAVE IN A NUMBER

OF CASES PRODUCED VISIBLE OUTGROWTHS OF THE REACTING HOST ECTODERM. AW ANALYSIS

OF THESE OUTGROWTHS WITH REGARD TO INDUCTION AND CELLULAR DIFFERENTIATION AWAITS

FURTHER MICROSCOPIC STUDY.

Quantitative data is now being collected on the amount of RNA and DNA

present in various germ layers and organ primordja where recent investigations

see!,: to indicate definite relationships.

Depending on the results obtained it is proposed to continue this study

by implantation of other nucleic acids and their derivatives and also to test

germ layer and organ primordia in vitro under similar conditions.

Study of the immunological behavior of the mouse mammary carcinoma virus,

with immediate emphasis on prophylaxis, continues. this phase of the work is

largely under the direction of d.r he i del8e rc-ier the physical and chemical

nature as well as the cultural characteristics of the virus are under study.

Progress in these experiments and the nature of the problems are discussed in

several recent publications cited in the bibliography.

This laboratory is heavily engaged in an investigation of the biochemistry

of malignancy on a cytological rathe;-; than a histological level. This endeavor

is made possisle by our successful develcpemei jt of a technique for the iso-

lation of discrete cellular components in sufficient yield, purity and nativity,

FOR TRACER STUDIES. (SEE B I BL I OGRAPHY) Dr. MARGARET MARSHALL , IS PURSUING THE

APPLICATION OF THIS TECHNIQUE. SHE HAS IN ADDITION DEVELOPED METHODS FOR THE

ISOLATION Or AMINO ACIDS FROM THE ISOLATED PARTICULATE FRACTIONS. SHE IS NOW

READY FOR PLANNED DEFINITIVE TRACER STUDIES TO COMPARE THE INCORPORATION RATES,

NOT OF WHOLE CELLS, BUT OF THE INDIVfDUAL CELLULAR COMPONENTS, SUCH AS NUCLEI,

MITOCHONDRIA AND MICROSOMES FROM BOTH NORMAL AND MALIGNANT TISSUES.
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Department or Dermatology

Dr. HELEN 0. Curth has continued her studies on acanthosis nigricans and its

RELATIONSHIP TO CANCER. DURING THE PAST YEAR SEVERAL PATIENTS WITH ACANTHOSIS

NIGRICANS WERE OBSERVED AND, AS WAS DONE BEFORE, MEMBERS OF THEIR FAMILIES WERE

INTERVIEWED AND EXAMINED. ONE OF THE PATIENTS, A 66 YEAR OLD WOMAN (KRIEg),

whose dermatosis has been considered as belonging to the malignant type, has not

yet exhibited amy cancer. she underwent am exploratory laparotomy i!) presoy-

hospital early in j'jne , 1952 with negative results. the fact, however, that the

patient showed the first cutaneous signs of acanthosis nigricans at the age of 65

and that the eruption has been progressing rapidly points to a cancer as the

activating principle of her dermatosis. slx other middle-aged patients with

acanthosis nigricans died; four succumbed to gastric cancer, one to cancer of

the pancreas and one to cancer of the gall-bladder.

In two of the pedigrees (Stiles and Halsvik) of patients with malignant

acanthosis nigricans consanguineous marriages of the forebears had occurred sug-

gesting that whatever factor is responsible for acanthosis nigricans and/or cancer

may be recess! vely inherited.

in general, it can be said that it has been noted that although little

information of foreign ancestry could be obtained, very often the same geographic

origin and ethnological background existed in t he paternal and maternal sides of

the patient's family so that a remote relationship between members of the two

SIDES IS NOT IMPOSSIBLE. IT WAS NOTED THAT ANCESTORS OF THREE PATIENTS (STkIECK,

Tinman and Krieg) came from Galicia.

During the year attention has been paid to some dermatoses other than

acanthosis nigricans, which also have beet'.' accompanied by cancer, such as derma-

TOMYOSITIS AND DERMATITIS HERPETIFORMIS. IT WAS FELT THAT STUDY OF THE RELATION-

SHIP BETWEEN CANCER AND THESE DERMATOSES MIGHT EVENTUALLY SHED LIGHT ALSO ON THE

RELATIONSHIP BETWEEN CANCER AND ACANTHOSIS NIGRICANS. !T SOON BECAME APPARENT,
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HOWEVER, THAT THE CANCERS ASSOCIATED WITH THESE VARIOUS DERMATOSES AS WELL AS THE

MECHANISMS GOVERNING THEIR ASSOCIATIONS WITH CANCER ARE DIFFERENT FROM THOSE OF

THE ASSOCIATION OF ACAMTHOS t S NIGRICANS AND CANCER. FOR INSTANCE, IN PATIENTS

WITH DERMATOMYOSITJS THERE IS A HIGH FREQUENCY OF CANCERS OF OVARIES AND BREASTS,

OFTEN OF BOTH OVARIES AND BOTH BREASTS, WHILE IN MALIGNANT ACANTHOSIS NIGRICANS

MAMMARY AND OVARIAN CANCERS RARELY OCCUR AND THEY HAVE NEVER BEEN OBSERVED BI-

LATERALLY. NOT ALL CANCERS SEEN IN ASSOCIATION WITH DERMATOMYOS I Tl S ARE ADENO-

CARCINOMAS AS THEY ARE IN ACANTHOSIS NIGRICANS. FURTHERMORE, PERMATOMYOS I Tl

S

AND DERMATITIS HERPETIFORMIS SEEM DEPENDENT ON THE NEOPLASMS WHILE THE DEPENDENCE

OF ACANTHOSIS NIGRICANS ON. THE CANCER IS NOT PROVED.
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Department of Medicin e

Investigations in the Department of Medicine extend from basic theoretical

studies for which there is no obvious immediate practical application to

pragmatic clinical research of importance in the day to day care of cancer

patients. the major philosophy guiding the overall research in this department

is to extend the participation of internal medicine in the problems of human

Neoplastic disease. This accounts in part for the emphasis that is placed on

BASIC and clinical research in the field of cancer chemotherapy and on the

mechanism of anemia.

Dr. Joseph Turner has initiated studies on the nutrition of the micro-

crustacean, Daphni

a

, with particular reference to hemoglobin metabolism.

Elimination of the natural microflora of the intestine by the use of anti-

biotics appears to result in loss of reproductive activity in Daphni

a

, no

doubt due to lack of an essential substance that is either liberated by

bacterial action on food or synthesized from bacterial growth. It has been

possible to subject individual paphnia to the action of at least eight

antibiotics in combination, or in succession, without destroying the animals.

it is the hope that from this will develop a simple method for obtaining a

"germ-free" population that 'will perhaps be generally applicable to the

study of small aquatic animals.

Dr. Dan i el Larson has studied the antibody responses following the

administration of pneumococcus capsular polysaccharides in patients with

Leukemia and allied disorders. Antibody determinations were carried out

using the quantitative precipitin technique developed by he i delberger . it

was found that patients with chronic lymphatic leukemia and with multiple

myeloma exhibited little or no ant i tody formation. subjects with chronic

myeloid leukemia showed antibody responses somewhat higher than the normal

level. Individuals with acute leukemia demonstrated the production of

exceedingly large amounts of antibody, and this response was impaired in
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PATIENTS TREATED WITH CORTISONE. THUS IT iS APPARENT THAT THE LARGEST

ANTIBODY RESPONSES CAN BEST BE CORRELATED WITH HIGH PERCENTAGE OF IMMATURE

WHITE BLOOD CELLS.

Dr. I rvi.ng London HAS continued work in the fields OF porphyrin, PROTEIN and

cholesterol metabolism. studies on the enzymatic mechanisms involved in heme

synthesis have been facilitated by the finding that this process can be

demonstrated in vitro in non- intact immature mammal i an and avian erythrocyte

preparations. the optimal conditions for this synthesis, the effects of

various metabolic agents such as folic acid, vitamin b. n and lead, and the

cellular constituents concerned with heme synthesis are under investigation.

Dr. London 1 s previous studies on the origins of bile pigment in man

have shown that a portion of bile pigment is derived from one or more sources

other than the hemoglobin of mature circulating erythrocytes. at present,

investigation into these alternative sources of bile pigment is being pursued.

FOR THIS PURPOSE, ISOTOPICALLY LABELLED PORPHYRIN COMPOUNDS WHICH ARE POTENTIAL

precursors of d i le pigment are being prepared and their role in bile pigment

meta30l i sm evaluated

.

Studies on the life span of the erythrocyte in polycythemia vera are

being conducted to determine whether the marked increase in erythrocytes in

this disease is associated with an increased rate of synthesis of cells with

a normal life span. a correlative study on the metabolism of bile pigment

is aimed at elucidating the discrepancy between the very high erythrocyte

levels in the peripheral blood and the relatively low 3ile pigment excretion.

|n continuing the investigation of lipid metabolism in normal ano

pathologic states, studies are in progress on the rates of turn-over of serum

and erythrocyte cholesterol and • phospkol i p i d in familial hy5ercholesterolem i
a

AND XANTHOMATOSIS. THESE STUDIES ARE CONDUCTED TO DETERMINE WHETHER THE INCREASED

LIPID LEVELS ARE ASSOCIATED P R I MAR I L Y W I TH SNCEREASED SYNTHESIS OF THESE SUB-
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STANCES OR WHETHER THERE IS A PRIMARY DEFICIENCY IN THE MECHANISMS RESPONSIBLE

FOR THE I R EL I M I NAT I ON F ROM THE BLOOD

.

IN CONJUNCTION WITH Dr. HELEN M . RaNNE Y. A STUDY OF THE CAPACITY OF

VARIOUS TISSUES FOR ANTIBODY FORMATION HAS BEEN CONTINUED. By SACRIFICING

an immunized animal when the serum antibody titer is high, and when antibody

is being synthesized, it is possible to obtain surviving tissues capable of

antibody formation i n vi tro. if such a tissue is incubated with an i sotop i cally

labelled amino acid, some of the amino acid will be incorporated into the

newly formed antibody protein. thus the presence of significant i sctop i

c

activity in the antibody protein indicates antibody formation by the tissue,

the determination of the i sotop i c activity of a passively administered anti-

body serves as a control. 'with this technique synthesis of antibody

by spleen, bone marrow, lung, and liver has been demonstrated.

dr. ranney has undertaken a study of the survival of normal transfused

erythrocytes in patients with myelofibrosis and marked splenomegaly. in

some of these patients, only slightly decreased survival of transfused

erythrocytes has been demonstrated, while in others, there has been significant

decrease in the life span of normal red blood cells.

Dr. Marcel Gqlpenbe rg and his associates, P rs. Maurice iVI. Rapport and

i rving 5erlin have investigated the diagnosis of pheochromocytoma by chemical

methods. they have found that the urinary excretion of the catechol-amines,

epinephrine and norep i nephr i ne, can be used for diagnostic purposes. in

normal man a total of about 40 micrograms of norepinephrine is excreted

DURING 24. hours; IN CASES OF pheochromocytoma the CATECHOL-AMINE excretion is

INCREASED TO 200-2000 MICROGRAMS IN THE SAME TIME PERIOD. Th I S APPLIES NOT

only to cases of pheochromocytoma with persistent hypertension but also to

cases with paroxysmal hypertension.

in the'' laboratories of dr. alfred gellhorn and his associates. dr. erich

Hi rschberg and Dr. Jacob Kream , studies have been conducted on the mechanism
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OF ACTION OF CANCER CHEMOTHERAPEUT I C AGENTS WITH A VIEW TO THE DEVELOPMENT

OF NEW AND PERHAPS BETTER OBJECTIVE CRITERIA FOR THE EVALUATION OF UNTRIED

CHEMICAL COMPOUNDS. THESE INVESTIGATIONS, IN PART COMPLETED AMD IN P^RJ

IN PROGRESS, WILL BE SUMMARIZED IN BRIEF.

IT WAS SHOWN THAT A2AGUANINE DEAMINASE, THE ENZYME WHICH CONVERTS THE

CARCINOSThTIC AGENT, 8-AZAGUAN I NE , TO AN INACTIVE DERIVATIVE, 8-AZAXANTH I NE

,

IS PRESENT IN THE CELLS OF NORMAL MOUSE TISSUES aND OF THREE TYPES OF

8-AZAGUAN I NE RESISTANT TUMORS IN A HIGHER CONCENTRATION THAN IN THE CELLS

OF THREE OUT OF FOUR SEPARATE 8-AZAGUAN I NE SUSCEPTIBLE TUMORS. Th I S STRONGLY

SUGGESTS THAT THE A3 1 L I TY OR LACK OF ABILITY TO "DETOXIFY 11 THE DRUG IS AN

IMPORTANT FACTOR IN DETERMINING THE FAILURE OR SUCCESS OF CHEMOTHERAPY WITH

3-AZAGUANINE. THESE ARE IN VITRO STUDIES.

AN INTERESTING AND POTENTIALLY SIGNIFICANT CORRELATION OF THE OBSERVATIONS

DESCRIBED ABOVE WAS FOUND IN A COLLABORATIVE INVESTIGATION WITH pR. MARGARET

Murra y of the Department of Surgery and Dr. J. Lawrence Pool of the Department

of Neurosurgery. The activity of azaguanine deaminase in normal brain tissue

and in the malignant brain tumor, glioblastoma multiforme, was determined.

The normal brain tissue has a high concentration of the enzyme whereas the

glioblastoma has a negligible concentration of the enzyme. the growth of

the tumor in tissue culture is inhibited by 8-azaguan i ne whereas human fetal

brain is not inhibited to the same extent. these findings suggest a clinical

application which is being explored now.

in order to determine whether the in vi tro observations of 8-azaguan i ne

DEAMINASE HAD RELEVaNCE TO I N V I VU CONDITIONS, THE BLOOD LEVELS AND URINARY

EXCRETION PATTERNS OF 8-AZAGUAN I NE AND 8-AZAXANTH I NE WERE DETERMINED IN

RABBITS AND DOGS AFTER THE ADMINISTRATION OF 8-AZAGUAN I NE . THE EXPERIMENTS

DEMONSTRATED A RAPID DEAM I NAT I ON OF 8-AZAGUAN I NE

.

A BROAD PROGRAM OF BIOCHEMICAL CHARACTER I ZAT I UN OF NORMAL AND NEOPLASTIC
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T ISSUES ON A CELL BASIS IS BEING CARRIED ON. EXTENSIVE DATA ON THE CELLULAR I TY

AND ON THE NITROGEN, DESOXYR I BONUCLE ! C ACID AND R I 30NUCLE I C ACID CONTENT OF

THE "AVERAGE CELL" OF A VARIETY OF NORMAL TISSUES OF THE MOUSE, RABBIT, RAT,

DOG AND MAN AND OF EIGHT TRANSPLANTED EXPERIMENTAL ANIMAL TUMORS ARE NOW

AVAILABLE. MOUSE AND RABBIT HEART MUSCLE, WHICH PRESENTS SOME SPECIAL

PROBLEMS, IS BEING SUBJECTED TO PRELIMINARY ANALYSIS WITH PR iVJENARO GiERTLER.

Preliminary data on the comparative vitamin B^ content of normal and tumor

tissue are being collected to aid in an interpretation of the mechanism of

carcinostasi s with desoxypyr i dox i ne

.

Most of the important chemothermpeuti c agents employed against neoplasms

appear to interfere with nucleic acid metabolism in some way. recent

isotope data have led to the assumption that the site of primary inhibition

is the synthesis of nucleic acid which must precece cell division. several

related studies in this laboratory on the actual cellular content of nucleic

acid of treated and untreated tissues indicate that inhibition of mitosis by

some of these agents is not primarily mediated through an inhibition of

NUCLEIC ACID SYNTHESIS. WlTH Dr. JOHN UlTMaNN , IT HAS BEEN SHOWN THAT THE

ADMINISTRATION OF A S i NGLE DOSE OF NITROGEN MUSTARD TO RATS FOLLOWING PARTIAL

HEPaTECTgMY BRINGS ABOUT A STATISTICALLY SIGNIFICANT ACCUMULATION OF NUCLEIC

ACIDS IN THE CELLS OF THE REGENERATING LIVER. EXPERIMENTS TO DETERMINE THE

EFFECT OF CORTISONE IN THIS SYSTEM ^RE IN PROGRESS.

THE EFFECT OF NITROGEN MUSTARD ON DESOXYR I BONUCLEASE AND RIBONUCLEASE

(TWO ENZYMES WHICH MIGHT BE INVOLVED IN THE MECHANISM OF THIS ACCUMULATION

OF NUCLEIC ACIDS) HAS BEEN STUDIED. ALTHOUGH THE DRUG INHIBITS THE ACTION

OF CRYSTALLINE DESOXVHM BONUCLEASE . EVIDENCE HAS BEEN ACCUMULATED WHICH

INDICATES THAT THIS DOES NOT OCCUR TO A SIGNIFICANT DEGREE IN THE LIVING

Tl SSUES.
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With Dr. Jane Gang the: effect of cortisone on the nucleic acid content

of two transplanted mouse tumors is being investigated. results obtained to

date point to an accumulation cf nucleic acid in the tumor cells when the

hormone inhibits g rowth

.

8-azaguanine and aminopterin do not appear to bring adout accumulation

of nucleic acids in the cells of tumors which are inhibited by these drugs.

in a different approach to the mechanism of action of 8-azaguan i ne

,

experiments on the reversal of the action of this agent by various purines,

NUCLEOSIDES, AND NUCLEOTIDES HAVE BEEN CARRIED OUT WITH THE BroWN-PEARCE

tumor grown in the anterior chamber of the rabbit eye. guanine does not

reverse the carc i nostat i c effect of 8-azaguan i ne , but adenine, adenosine,

adenylic acid, guanos i ne , and guanyl i c acid do.

Medical Service of the Francis Delafield Hospital . The Francis Delafielo

Hospital is a 300 bed institution specifically dedicated to research on the

problems of neoplastic disease. it is a part of the new york c i ty hospital

system but is professionally staffed by physicians and scientists appointed

3Y the Columbia University College of Physicians and Surgeons. The medical

wards of this hospital provide an extraord i nary opportunity to develop the

contributions of internal medicine to cancer. the medical service not only

fulfills the responsibilities of medical care to patients on its wards but

also provides medical consultation service to the entire hospital and operatfs

the Admitting Clinic The research program of the Medical Service is carried

out in the Hospital wards and is integrated with laboratory research carried

out in laboratories of the hospital. s i nce the francis c'elaf i eld hospital

has been in operation only since march, 1951, the major energies of the

Medical Staff have been concerned with organization of the complex functions

of a specialized hospital. the initial phase has now been completed so that

more time will be available for research. nevertheless a number of investigations
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have been initiated and results obtained,

Dr. George Hvman has studied iron metabolism in patients treated with

total body irradiation, nitrogen mustard and tr i ethylene melamine, using

TRACER DOSES OF RADIOACTIVE IRON. The RESUL T S INDICATE THAT THE RAD 1 0- 1 RON

TURNOVER RATE IS THE MOST SENSITIVE INDEX OF TOXIC EFFECTS OF THESE AGENTS

ON THE HEMOPOIETIC SYSTEM IN MAN. SIGNIFICANT CHANGES OCCUR IN THIS

MEASUREMENT LONG BEFORE THERE ARE DETECTmBLE ALTERATIONS OF PERIPHERAL BLOOD

CELLULAR ELEMENTS OR PONE MARROW MORPHOLOGY.

THE TRANSFUSION OF BLOOD FROM PATIENTS WITH ACUTE LEUKEMIA INTO SUITABLE

RECIPIENT VOLUNTEERS WITH INCURABLE ADVANCED DISEASE HAS lEEN INVESTIGATED IN

order to follow the peripheral blood changes and immune responses of the

recipient (See Dr. Daniel Larson) .

it was noted that the abnormal, bl«st forms disappeared within thirty

minutes from the blood of the recipient and were never present in significant

number. in addition, the studies to date have demonstrated a leukopenic

response in the recipient occurring within the first 2/+. hours post-transfusion

period. Attempts will be made to see if this holds true in a larger series and

to elucidate the mechanism of this surprising finding. the transfusions were

carried out in plastic bags and were given to the recipient immediately

after phlebotomy in order to decrease the possible damage tj white cells

which had occurred in earlier studies by other investigators.

Dr. Daniel Larson has supervised experimental and clinical studies of a

group of medical students on the effect of a chelating agent, ethylene diamine

TETRA-ACETIC ACID (VERSENE) ON SERUM CALCIUM. Of PARTICULAR INTEREST WAS THE

DEMONSTRATION THAT" THE CHEMICAL COMPOUND COULD REDUCE THE SERUM CALCIUM IN

HYPERCALCEMIC PATIENTS, BUT THAT THE EFFECT WAS TEMPORARY DUE TO THE RAPID

EQUILIBRIUM BETWEEN THE SKELETAL AND SERUM CALCIUM.
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Df. . Alfred Gellhqrn and the resident medical staff including Dr. James

Holland , Dr. Alexander Sahag i an-EdwmRds and Dr. Nicholas Capeci have carried

out a clinical evaluation of 1:4. dimethanesulfaneoxy3utane (g.t. 41) which

WAS KINDLY SUPPLIED BY Dr. ALEXANDER HADDOW AND HIS ASSOCIATES OF THE CHESTER

Beatty Institute in London. The efffct of the drug on a variety of neoplastic

diseases has been investigated, but it has been found useful only in chronic

myeloid leukemia.

The efficacy of a splenic extract, thrombocytosis obtained from

Johnson and Johnson Co., in thrombocytopenia was assessed. No

therapeutic value could be determined.

D r. Jack Davi pson has carried out an exhaustive laboratory and clinical

study on the rate of incorporation of rad i ophosphorus into nucleic acid

mononucleotides. Using transplantable tumors in mice, Dr. Davidson found

that the rate of incorporation was a sensitive measure of the effect of

TUMOR INHIBITING DRUGS. An ATTEMPT TO APPLY THE TECHNIQUE TO THE EVALUATION

OF POTENTIAL DRUGS AGAINST HUMAN TUMORS DOES NOT APPEAR TO BE FEASIBLE DUE

TO THE PRACTICAL DIFFICULTIES PRESENTED CY MULTIPLE BIOPSIES AND THE

VARIABILITY OF PHOSPHORUS INCORPORATION INTO THE SAME TUMOR LOCATED IN

DIFFERENT SITES.
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pepaktment of obstet r ics and g ynecology

The cancer research program in the department of gynecology may se divided

into three general subjects: studies on steroids, h i stochem i cal and other work on

morphology, and a controlled investigation of clinical therapy.

i. Studies in the Chemistry and Metabolism of the Steroids.

Dr. Seymour Lieberman in the Cancer Institute has been working on fundamental

aspects of the subject, partly in the developement of methods, partly in the work

on special. steroids, partly in the detection amd measurement of urinary steroid

metabolites,

a. investigations in the nature of the steroid metabolite excreted in the urine.

the methods developed for the study of these substances has required the

investigations of several methods. 1. hydrolysis of the steroid glucuron i dates

NOW DEPENDS ON ENZYME HYDROLYSIS, USING BETAGLUCURON I DASE . In ADDITION IT HAS

BEEN SHOWN THAT CONTINUOUS ETHER EXTRACTION OF URINE ACIDIFIED TO 7i\l WITH RESPECT

TO SULFURIC ACID IS A MOST EFFICIENT METHOD. ALTHOUGH FURTHER IMPROVEMENTS ARE

BEING SOUGHT, THIS PROCEDURE COMBINING ENZYMATIC AMD ACID METHODS SEEMS TO BE THE

BEST THAT HAS SEEN DEVISED TO DATE. 2, CHROMATOGRAPHY REMAINS THE MOST IMPORTANT

OF THE TECHNIQUES BY WHICH THE COMPLEX MIXTURE OF FREE STEROIDS ARE RESOLVED INTO

THEIR INDIVIDUAL COMPONENTS. C'N r
.. STANDARDIZED PROCEDURE, USING 4- CHROMATOGRAMS

HAS MADE POSSIBLE THE ISOLATION AND IDENTIFICATION OF 5 KETOSTEROIDS FROM THE

URINE OF A PATIENT WITH AN OVARIAN TUMOR. EFFORTS ARE BEING MADE TO SIMPLIFY

TECHNIQUES, SO THAT ONLY A SINGLE CHROMATOGRAM MAY BE NECESSARY AND A REASONABLY

COMPLETE ANALYSIS OF THE URINARY KETOSTEROIDS MAY BE ACCOMPLISHED ON 500 CC OF

URINE, IN ABOUT 10 TO 12 HOURS WORKING TIME. 3. RADIOMETRIC CHROMATOGRAPHIC

METHODS ARE ALSO BEING STUDIED. THE APPLICATION OF CHROMATOGRAPHIC METHODS TO

RAD 10- I SOTOP I CALLY LABELLED STEP.OfDS PROMISES TO PROVIDE A RAPID, EXTREMELY

SENSITIVE TECHNIQUE, APPLICABLE TO ALL CLASSES OF STEROIDS. THE METHOD HAS BEEN

USED, EMPLOYING LABELLED SUBSTANCES FOR ADSORPTION CHROMATOGRAPHY AND THE POSSI-

BILITIES OF PAPER CHROMATOGRAPHY ARE UNDER INVESTIGATION. 4. I NFRA-RED
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Spectroscopic Methods have been established in the laboratory during the last year

making it possible to identify unequivocally as little as 25-100 micrograms of a

STEROID WHICH MEED NOT 3E CRYSTALLINE. By THESE TECHNIQUES IT iS POSSIBLE TO

identify 5 different ketosteroids in a half day's excretion of urine. it cam be

used also to obtain valuable information about the nature and even location in

the steroid nucleus of various functional groups, such as the carbonyl and hydroxyl

radicals. Quantitative measurements way .^lso ee made, which for the 17-keto-

steroids appear to be more accurate than the older color (metric estimations by

the 2 i mmermann react i on

.

B. Observations on Special Steroids.

During the course of the years work, a number of interesting observations have

been wade as by-products of the main investigations.

a new steroid, i -androstenclone , was isolated by dlngemanse in 194-8 from a

PATIENT WITH ADRENAL CARCINOMA AND IT WAS POSTULATED THhT THIS UNUSUALLY CONSTI-

TUTED STEROID WAS CHARACTERISTIC OF ADRENAL DISORDERS AND WAS IN FACT THE PRECURSOR

OF THE ALREADY WELL KNOWN, DEHYDRO I SCANDROSTERONE , Dr. LlEBERMAN AND HIS GROUP

HAVE DEMONSTRATED DURING THE LmST YEAR THAT I -ANDROSTENOLOWE WAS SIMPLY THE RESULT

OF THE METHOD OF EXTRACTION, AND NOT A NATURAL PRODUCT, SINCE IT COULD BE OBTAINED

WHENEVER AM AQUEOUS SOLUTION OF PURE DEHYDRO- ! SOAND.R05TERONE-SULFATE , COVERED WITH

A LAYER OF BENZENE, WAS HEATED ON A STEAM BATH FOR 15 HOURS.

A NUMBER OF PREVIOUSLY, UNKNOWN SUBSTANCES, STEROID IMIDAZOLS, WERE PRO-

DUCED IN THE LAST YEAR FROM STEROIDS POSSESSING KETOL S i DE CHAINS. THESE BASIC

NITROGEN CONTAINING STEROIDS ARE INTERESTING FOR SEVERAL REASONS. THROUGH THEM A

NEW AND MORE SPECIFIC METHOD FOR THE ESTIMATION OF CORTICOiDS MAY BE DEVISED, FOR

CERTAIN STEROID I M ! DAZOLS HAVE INTENSE ABSORPTION IN THE ULTRA VIOLET. FURTHER

IT IS NOTEWORTHY THAT THE I fei I DAZOL GROUP IS PRESENT I.N SOME IMPORTANT BIOLOGICALLY

ACTIVE COMPOUNDS, SUCH AS HISTAMINE, HISTIDINE, CARNOS I NE , B I OT-I N AND THE PURINES

AND IT IS INTERESTING TO SPECULATE AGOU T THE BIOLOGICAL PROPERTIES THIS GROUP MAY
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IMPART TO VARIOUS STEROIDS. PREPARATIONS ARE BEING MADE TO TEST THESE FOR THEIR

ANT I -HORMONAL ACT I V I T Y

.

C . Ur i nary Extracts Under i nvest i gat i on .

The steroid excretion pattern in a number of special conditions is also

being studied. 1. progesterone as a therapeutic measure in gynecologic tumors.

Progesterone in very large doses has been claimed to be beneficial in the treat-

ment of various, gynecologic tumors, notaslv cancer of the cervix (Hertz). Daily

doses of 150 mgms. of progesterone are being given to selected patients with

cancer of the cervix for periods of time up to 42 days. all urine has been

collected amd is be i mg studied to determine the chemical nature amd quantities

of the urinary metabolites and to seek out, if possible, a correlation between

excretion patterns and clinical responses. similar studies -re being made using

"oral progesterone" (pranone or ethynyl testosterone). 2. metabolism of 17-

ketosteroids. !in collaboration with several other departments, studies are be i img

made of the steroid excretion patterns after gonadectomy and adrenalectomy in

patients with advanced cancer of breast or prostate. the urine of one male so

treated has been found to contain ho ketosteroids other than one metabolite of the

cortisone administered to him. th ! s "a-stercidal man" is being used to obtain in-

formation about various adrenal precursors. 3. corticoids. as a part of this

general program, a series of urines are being studied for their cortical metabol-

ites, ia/ork was degun on the complete urine collections of two women, during the

last five months of their pregnancies and the ik first postpartum month. after

determining the corticoids excreted by these normal pregnant women, the study will

be extended to various other conditions, including certain tumors as well as

certa i n compl i cat i ons of p reg nancy

.

The work IN THIS LABORATORY HAS been FUNDAMENTAL both in ITS SETTING up of

STANDARDIZED PROCEDURES AND IN ITS ESTABLISHMENT OF VARIOUS NORMS. FROM THIS SOLID

BASIS THE LABORATORY APPEARS TO PROMISE STEADILY INCREASING PRODUCTIVITY.
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II. Studies in Adrenal Virilism.

Adrenal hyperplasia is accompanied by signs of virilism and by certain

metabolic changes including the excessive excretion of 17-k.etosteko! ds . m may be

mistaken clinically for carc i nom/v of the adrenal and for "cushing's syndrome".

THE LABORATORY OF Dr. JOSEPH J..ILER HAS BEEN WORKING ON THE DIFFERENTIAL DIAGNOSIS

OF THESE CONDITIONS AND UPON AN ELUCIDATION OF THE SPECIAL DISTURBANCE OF ADRENAL

PHYSIOLOGY CHARACTERISTIC OF EACH.

On the BASIS OF DATA OBTAINED ON 15 PATIENTS WITH ADRENAL HYPERPLASIA

accompanied by virilism, it appears that the administration of cortisone results

in a marked decrease in the urinary 17-ketostero i c excretion values to levels

approximating norf^al for the age and sex of the i no i vi dual. in contrast to thm s , .

two patients with the same syndrome but caused by adrenal carcinoma were similarly

treated without any resultant change in the urinary 17-ketostero i d excretion

values. Apparently, this response may be differentially used to diagnose the

underlying pathology in this condition. the most plausible explanation is that

the administration of cortisone inhibits the pituitary from secreting acth and

thus the hyperplastic cells are inhibited whilst the adrenal carcinoma tissue is

independent of pituitary control.

a s i m i lar s i tua7 i on exists i n the cush i
ng

' s syndrome . here ag a i n , cort i sone

administration resulted in a fall in the 17-ketostero i 03 in three patients with

adrenal hyperplasia while it had no effect on a fourth patient who suffered from

an adrenal c/.rc i noma . in this latter patient, a hypophysectomy was performed sub-

sequently without amy demonstrable effect on the course of the disease. this

tends to confirm the contention of the laboratory that adrenal carcinoma is inde-

pendent of acth control lvhile hyperplasia is not.

Further stimulation with ACTH of the hyperplastic adrenals In the virilizing

SYNDROME HAS REVEALED CERTAIN BASIC METABOLIC DIFFERENCES IN THESE GLANDS FROM

THE NORMAL AND ALSO FROM THOSE OF CUSHING'S SYNDROME. WHEN ACTH IS ADMINISTERED
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TC PATIENTS WITH ADRENAL VIRILISM THERE IS NO SODIUM RETENTION, NO FALL IN CIRCU-

LATING EOSINOLPMILS AND NO R 1 SE I "i CORTICOiDS AS CONTRASTED TO WHAT OBTAINS IN THE

NORMAL. OR IN THE CUSHING'S SYNDROME. THERE IS, HOWEVER, THE CHARACTERISTIC RISE

IN 17-KETOSTEROIDS. THESE RESULTS TOGETHER WITH THE DATA OBTAINED AS A RESULT OF

CORTISONE ADMINISTRATION HAS LED TO SPECULATION AS TO THE UNDERLYING BIOCHEMICAL

AND ENZYMATIC DEFECT IN ADRENAL VIRILISM. !T IS BELIEVED THAT THE COMPOUND F

PRECURSOR IS IMMEDIATELY DEGRADED TO A C-jg 5TEROID (ANDROGEN) AS CONTRASTED TO THE

NORMAL OR CUSH I NG ' S SYNDROME WHERE THIS DOES NOT OCCUR TO ANY GREAT EXTENT. EX-

PERIMENTAL TECHNIQUES ARE BEING DEVELOPED TO TEST THIS SPECULATION WITH IN VITRO

STUD I ES .

II! . Studies with Isotopically Labelled Steroids.

The metabolism of the steroids, especially their localization in various

parts of the body and their routes of excretion, has continued to be the special

field of work of pr. gray twombly . tne program has involved efforts to synthesize

chemically various labelled compounds and secondly, t utilize these in physio-

logic study.

Labelled stilbesterol has been synthesized and work with it on human subjects

is in progress. efforts have also been made to label estrone with c 14 amd in

particular to obtain a material, by a simple method mnd with a higher final specific

activity than that developed by heard and his collaborators of montreal. the

first steps have proved difficult so that insufficient quantities of the dimethyl

ester of mar i anol i c acid have been obtained. studies with this objective are

continuing. Related work has been going on with the carcinogenic substance beta

naphthylamine , of which 17 mgms . of the labelled material has finally been obtained.

This has a specific activity of 3.5 microcuries ,d ek milligram and is labelled at

TWO POSITIONS (5 AND o) IN THE MOLECULE. IT IS HOPED THAT THIS MATERIAL MmY AID IN

DEMONSTRATING THE METABOLIC PATHWAYS OF THIS IMPORTANT HUMAN CARCINOGEN, ALTHOUGH

iTS METABOLITES IN THE DOG AND RABBIT HAVE NOT YET BEEN IDENTIFIED.
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The USE Or STEROIDS IN THE THERAPY OF ADVANCED CANCER OF THE BREAST IS A WELL

established practice, cut the reasons for success in certain cases and complete

failures in others remains a mystery, labelled st i lbesterol has been administered

to 10 patients with breast cancer. these, however, have to date shown no gross

differences in excretion rate, all returning about 40 per cent of the injected c 14

in the urine within 72 hours,

iv. morphological studies on rad i osens i t i v i ty of cervical cancer.

The great issue in the therapy of cancer of the cervix is between the ad-

herents OF THE RADIOTHERAPEUTIC AND THE SURGICAL METHODS. REPORTS FROM ONE PAR-

TICULAR SOURCE, AND SEVERAL OTHERS, HAVE RAISED THE POSSIBILITY THAT CASES

SUSCEPTIBLE TO RADIATION MAY BE DISTINGUISHED ON A PRACTICAL OASIS FRO,/, THOSE

THAT ARE RESISTANT.

A SERIES OF BIOPSIES ARE BEING TAKEN FROM THE GROWING EDGE OF THE TUMOR FROM

PATIENTS IN THE COURSE OF X-RAY OH RADIUM THERAPY. THESE SECTIONS ARE THEN

STUDIED TO DETERMINE THE CHANGES IN THE NUCLEOPROTE I N OF THE CELLS, AS A MEASURE

OF THEIR REACTION TO RADIATION. SEVERAL TECHNIQUES HAVE BEEN EMPLOYED. ULTRA-

VIOLET LIGHT MICROSCOPY, A3 DEVELOPED BY CASPERSSON SEEMS TO DEMONSTRATE TWO TYPES

OF MALIGNANT CELLS, CALLED A AND B CELLS. THE A CELLS ARE ACTIVE WITH NUCLEI RICH

IN DESOXYRIBONUCLEIC ACID, WHILE THE B CELLS ARE REGRESSING WITH NUCLEI POOR IN

DESOXYRIBONUCLEIC ACID AND NUCLEOLI RICH IN RIBONUCLEIC ACID. SIMILAR DIFFERENCES

ARE DEMONSTRABLE BY A TECHNIQUE DEVELOPED BY THE ITALIAN WORKERS, BARRIGOZZI AND

DlLLEPIANE, WHO HOWEVER MAKE A SMEAR PREPARATION FROM A TISSUE CRUSH AND STAIN

WITH ACETOCARMINE. DURING THE PAST YEAR ABOUT 20 CmSES HAVE BEEN STUDIED USING

these and other techniques to evaluate rad i osens i t i v i ty. it is now believed that

techniques have been perfected and a much expanded program is under preparation.

Although the problem of radiosensitivity now represents the central research

project of Dr. Saul Gusoerg's cytological laboratory, other work continues. In

particular should 3e mentioned the continued survey of patients, with and without

symptoms, by means of the papanicolaou vaginal smear test for pre-clinical cancer
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OF THE CERVIX AND THE CONSTANT EFFORT TO COLLECT AND EVALUATE THE CASES WITH

INTRA-EPITHELIAL CANCER OF THE CERVIX.

V. Quantitative Study of the Functioning Elements of the Ovary in Cases of Gyne-

colog i c Tumor .

Abnormalities in the excretion of ovarian hormones have been alleged to l^e

present in cases of several varieties of tumor and inhibition or stimulation of

neoplastic growth has been observed when an estrogenic hormone 15 administered.

Structural peculiarities of the ovaries have seen reported to be present in animals

with certain tumors. reports on- the ovaries of women with gynecologic tumors have

seem written in such general terms as to make the results largely meaningless.

a slow and painstaking study has been underway in this department in which it

IS DELIEVEP THAT BY THE MEASUREMENT OF .hLL STRUCTURES RELATED TO THE FOLLICULAR

APPARATUS IN SERIAL SECTIONS OF KNOWN THICKNESS THE TOTAL FUNCTIONAL CAPACITY

OF THE OVARY CAN BE MEASURED. A PRELIMINARY REPORT ON THE METHOD HAS SEEN PUBLISHED

AND THE OVARIES OF A SERIES OF CASES OF CANCER OF THE CERVIX AND OF SOME OTHER

TUMORS ARE BEING STUDIED. Th I S WORK IS UNDER THE SPECIAL DIRECTION OF Dr. Hp.VARD

Taylor.

I N A RELATED I NVEST I GAT I ON , Dr. E ARL E NGLE I S EXAM I N I NG QUAL I TAT I VELY THE

HI STOCHEM I CAL CHARACTERISTICS OF THE OVARY.

VI. A Controlled Study of the Therapy of Gynecologic Cancer.

Throughout the world there is indecision «s to the relative value of surgery

and radiation in the treatment of cervical cancer and as to the value or the

addition of PRE - OR postoperative radiation to surgical excision in cases of

CANCER Or THE OVARY, ENDOMETRIUM AND VULVA, To DATE THERE HAS BEEN ALMOST COMPLETE

FAILURE TO FIND AN ANSWER TO THESE CONTROVERSIES, PARTLY AT LEAST BECAUSE STATISTICS

OF ONE TYPE OF THERAPY HAVE HAD ONLY FOR COMPARISON THOSE COLLECTED IN A DIFFERENT

INSTITUTION OR IN A DIFFERENT FIVE OR TEN YEAR PERIOD. THE DIFFERENCES IN MATERIAL,

COMING TO DIFFERENT HOSPITALS, OR EVEN TO THE SAME HOSPITAL IN SUCCEEDING DECADES
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are so STRIKING AS to make comparisons of therapy, by means of series based on

such divergent material practically useless.

the opening of the delaf i eld hosp i tal seemed to offer opportunities to

develop a program that might lead to an answer to some of these major questions

in gynecological cancer therapy. a committee of seven members, three radio-

therapists and four gynecologists, held twelve meetings and drew up a plan for

gynecologic cancer therapy. th' i s , if! order to get numbers a3 quickly as possible,

was to se applied to the cancer cases of both the presbyterian and the delaf i eld

hosp itals.

The basic principle adopted was to have alternate types of treatment and two

simultaneous series of cases, each under the direction or the same group of radio-

therapists and gynecologists and !n the same institution. t.he existence of two

such alternate types of therapy was deemed justified «5 long as there was absolutely

no conclusive or reliably suggestive evidence that one method of treatment offered

the patients better prospects than the other.

the types of gynecological cancer were each defined in terms of stages of

advancement and for each variety -no stage a standard therapy was agreed upon.

for nearly all varieties hno for many separate stages two plans, cut only two,

WERE AGREED UPON. The MOST IMPORTANT PROBLEMS, CONCERNING THE .MORE COMMON SIT-

UATIONS, WERE AS FOLLOWS:

-

Carcinoma of Cervix, Stages I and II. The treatment is to be by immediate

RADICAL HYSTERECTOMY OR BY RAD I AT I ON THERAPY FOLLOWED IN THREE MONTHS BY LYMPH

NODE DISSECTION.

Carcinoma of Cervix, Stages III and IV. The contrast to be studied is the

relative palliative effects of continued radiation and "ultra radical" surgery.

Carcinoma of the Endometrium. The point of study here is the relative

advantages of preoperative radiation.
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Carcinoma OF THE Ovary. Here there are two problems, the value of post-

operative X-RAY IN THE FAVORABLE CASES AND THE RELATIVE PALLIATIVE EFFECTS OF RE-

operation and of x-ray in the recurrent case.

This clinical program is evidently a long-tek;.i investigation. It is believed,

HOWEVER, THAT THE THERAPY OF THE CLINICAL MATERIAL IN GYNECOLOGICAL CaNCER AT THE

Medical Center is now so planned *s to yield in the future the maximum of

essential information that may lead to some reliable conclusions about therapy

in this region.
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Department of Radiology

A. Radiation Research .

The Radiation Research Laboratories are under the direction of Dr. G .

FAILLA AMD O r. Edj th Quimby . The work of these investigators and their aSSO-

ciates is primarily concerned with the physics of radiant energy and the

application of this knowledge to clinical problems in radiotherapy.

Physics

The primary interest is the determination of the dose of ionizing

radiations at any desired point or region in the biological system, in terms

OF THE ENERGY ABSORBED PER GRAM OF TISSUE. Th I S IS AN ESSENTIAL PREREQUISITE

of all quantitative radiobiological studies. it is, unfortunately, a much

more difficult problem than is generally realized.

in practice the determination of tissue dose (in ergs per gram) is always

made by indirect means, but some methods are less direct than others. also,

some methods are simpler than others in special cases. !t is, therefore,

important to make a systematic study of the problem to develop suitable methods,

to compare different methods and to ascertain their limitations.

Dosimetry of ionizing radiation may se simple or complicated depending on

THE POINT OF VIEW. If DOSE IS DEFINED AS EXPOSURE OF A BIOLOGICAL OBJECT TO A

CERTAIN INTENSITY OF RADIATION FOP, A CERTAIN LENGTH OF TIME, THE PROBLEM IS VERY

SIMPLE. iVIOST OF THE BIOLOGICAL WORK WITH RADIATION HAS BEEN DONE IN THE PAST

(AND IS BEING DONE TODAY/ ON THIS BASIS. Th I S IS SATISFACTORY FOR A QUALITATIVE

EXPLORATION OF THE BIOLOGICAL EFFECTS OF RADIATION BUT NOT FOR THE ESTABLISHMENT

OF QUANTITATIVE RELATIONSHIPS AND THE STUDY OF THE MECHANISM OF RADIOBIOLOGICAL

PROCESSES. FOR THE LATTER PURPOSES IT IS NECESSARY TO DETERMINE THE DOSE IN

THE REGION OF THE IRRADIATED ORGANISM IN WHICH THE RADIOBIOLOGICAL EFFECT

ORIGINATES. FOR INSTANCE, IN THE STUDY OF THE EFFECT OF RADIATION ON THE BLOOD
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coumt, the significant dose is the one received by the blood-forming organs, not

the dose received by the circulating blood. therefore, the dosimetry problem

in this case is to determine the dose in the blood-forming organs under the

conditions of exposure of a particular biological experiment - and for more

practical purposes under the conditions in which humans are exposed to all kinds

of radiation.

The above example serves to illustrate another important point. At present

the dose in the blood-forming organs can ee estimated fairly accurately under

certain conditions, but under other conditions the uncertainty of the estimate

may involve a factor of two or three. in the protection problem this necessi-

TATES THE INTRODUCTION OF ADDITIONAL FACTORS OF SAFETY. Th I S IS SATISFACTORY

UP TO A CERTAIN POINT. HOWEVER, A3 THE KNOWLEDGE OF THE BIOLOGICAL EFFECTS OF

RADIATION INCREASES AND THE PRESSURE FOR MORE "REALISTIC" PERMISSIBLE LEVELS

INCREASES, IT WILL BE NECESSARY TO DETERMINE THE TISSUE DOSE IN THE BLOOD-

FORMING ORGANS MORE ACCURATELY, THIS SITUATION 13 TRUE IN GENERAL. THAT IS,

THE DESIRABLE ACCURACY OF TISSUE DOSE DETERMINATIONS DEPENDS ON THE STATE OF THE

SCIENCE AND ART AT A PARTICULAR TIME. OBVIOUSLY, IF THE DOSIMETRY PROBLEMS

WERE SIMPLE THEY COULD BE WORKED OUT ONCE FOR ALL WITH SUFFICIENT ACCURACY FOR

ALL BIOLOCICAL AND PRACTICAL PURPOSES. UNFORTUNATELY THIS IS NOT THE CASE AND

THEREFORE WE MUST PROCEED ON THE BASIS OF SUCCESSIVELY MORE ACCURATE APPROXI-

MATIONS. This means that work in this field will be necessary for an indefinite

period of time.

Sometimes it is possible to obtain an accurate solution of a problem under

special conditions. an example of this is the determination of the tissue dose

in a homogeneous medium in which a beta ray emitting isotope is uni fjrmly

distributed. the method and apparatus we h.'a/e developed for this purpose

permit as high accuracy as may be desired for any purpose. the underlined

WORDS INDICATE THE SPECIaL CONDITIONS. SliMCE IN MANY PRACTICAL CmSES (1) THE
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T ISSUE IS NOT HOMOGENEOUS, (2) THE ISOTOPE Efv- 1 TS GAMMA RAYS AS WELL /-.S DETA RAYS

AND (3) THE ISOTOPE IS NOT UNIFORMLY DISTRIBUTED IN THE ORGAN, TISSUE, OR CELL

OF INTEREST, THE SOLUTION OF THE GENERAL PROBLEM IS FAR FROM COMPLETE. EVEN IN

THE RELATIVELY SIMPLE SPECIAL CASE MUCH REMAINS TO SE DONE BECAUSE EXPERIMENTAL

DATm MUST BE OBTAINED FOR DIFFERENT ISOTOPES OF PRACTICAL INTEREST. THE SAME

THING APPLIES TO PRACTICmLLY EVERY DOSAGE DETERMINATION PROBLEM.

THE PHYSICS PmRT OF the work on the project IS DEVOTED ENTIRELY TO THE

SOLUTION OF DOSIMETRY PROBLEMS. li'l GENERAL, THE DIRECT APPROACH OF EXPERIMENTAL

MEASUREMENT OF THE DOSE UY IONIZATION METHODS IS PREFERABLE. Th i S IS NOT ^LWaYS

POSSIBLE, NOT; IS IT ALWAYS DESIRABLE. The MAIN OBJECT IS TO SOLVE A PROBLEM IN

the easiest way in the present st^te of the art. i n any case it is important

to know the significance and reliability of the results - which sometimes

involves a great deal of additional experimental work. this does not mean

repeating the same thing over and over aqain, but checking by independent

methods and experiments.

Since there are more unsolved problems than can be solved in the foreseeable

FUTURE, A CHOICE MUST BE MADE AS TO THOSE TO BE ATTACKED FIRST. MaNY FaCTORS

control this decision, including the special aptitudes of the laboratory

personnel at any particular time. all the problems outlined in the report are

receiving some attention but the emphasis may change fro:.! time to time.

cjunj cal appl ! cat i on

The work can be divided into two parts, that Carried out 'in connection

with the Radiotherapy Division of the Department of Radiology and that in

connection with the Radio-isotope Laboratory. In both cases the work is more

closely related to developement of new methods in cancer therapy than in funda-

mental cancer research.

1 . Radiotherapy:

a. Rotation therapy. The rotation chair installed last year has been
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employed for treatment of a considerable number of patients. l)p to the present

time a horizontal seam has been employed, the patient sitting or standing.

Methods for dosage calculation and dosage planning have been improved, and

special phantoms have been constructed for experimental. check on these determi-

nations, it is now proposed to extend the method to use of an oblique beam,

with the patient rotated while lying down. i n this way a cone of radiation can

be delivered, with its apex at the position of the tumor. methods for dosage

planning and calculation are being developed.

b. Radium dosage. In collaboration with D r . Morton K l i ge rman a study has

been completed on the distribution of radiation dose throughout the human female

pelvis with different methods of distribution of radium sources. f rom this

research have emerged recommendations as to preferred distributions and strength

of sources under various clinical conditions..

Dr. Ed i th Quimby has completed a study on the calculation of dosage in

interstitial radium therapy. var i ous methods for dosage calculat i ons have

been published before. the most complete and careful one is that of patersom

and Parker; it is based on the Assortment of radium needles commonly available

in England, which are weaker than those usually found in the United States.

Modifications of the method have deen made to fit the American type of needles.

The effects due to certain shifts in the recommended patterns have been investi-

gated. Results of dosage calculations based on this method and others have been

compared.

2. Radiq-i sotope Laboratory

a. Radioactive iodine, I

'-'
. A large part of the work with this isotope

IS IN THE DIAGNOSIS OF THYROID FUNCTION aND HYPERTHYROIDISM. Tl-iE APPLICATION

OF RAD IO- IODINE TO THE DIAGNOSIS AND TREATMENT OF THYROID CANCER IS CARRIED OUT

IN COOPERATION WITH A CLINICAL GROUP UNDER THE LEADERSHIP OF pR . Vl RG INI A FRANTZ.

ANY PATIENT TO BE OPERATED UPON FOR SUSPECTED THYROID CANCER RECEIVES A TRACER
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DCSE OF i ABOUT 4.3 HOURS EE'O.^E THE OPERATION. IF CANCER IS FOUND, RADIO-

AUTOGRAPHS ARE MADE TO DETERMINE WHETHER IT I S OF A TY'^E WHICH TAKES UP RAD I
O-

IODINE; THIS IS USEFUL INFORMATION IF METASTASES ARE PRESENT, AND IT IS

DESIRABLE TO H/-.VE IT ON FILE EVE,'! IF NO METASTASES ARE FOUND AT THE TIME. If

TOTAL THYROIDECTOMY IS DOME, THE COMPLETENESS OF THE OPERATION CAN BE DETERMINED

BY THE USE OF THE GEIGER COUNTER IN THE OPERATING ROOM. If NO METASTASES ARE

PRESENT AT THIS TIME NO OTHER ISOTOPE STUDY MAY 5E DONE J ON THE OTHER HAND,

TRACER TESTS ARE CARRIER OUT ANNUALLY, OR AT OTHER INTERVALS, IF THERE IS ANY

INDICATION FOR THE;.!. IF METASTASES EXIST, THEY ARE STUDIED TO SEE WHETHER THEY CAJi

SE INDUCED TO TAKE UP IODINE IN SUFFICIENT AMOUNT TO PERMIT THERAPY. AN UPTAKE

IN THE METASTASES CF FIVE PER CENT 0- MORE OF THE ADMINISTERED DOSE IS AN

INDICATION FOR TREATMENT. A NUMBER OF CASES HAVE BEEN TREATED, A FEW WITH

EXCELLENT RESULTS.

19S _
Z. RADIOACTIVE GOLD, mU . (HIS SUBSTANCE !5 USED PRINCIPALLY IN THE

TREATMENT OF WIDESPREAD INTRAPERITONEAL OR INTRAPLEURAL METASTASES PRODUCING

EFFUSIONS. The active material IS INJECTED DIRECTLY INTO THE 80DY CAVITY. The

work has not been going on long enough here to d erm|t any evaluation of results.

Treatment is under the combined direction of memeers of the Departments of Surgery

and of Therapeutic Radiology. Miss Charlotte 5c hm i d

t

is in charge of administer-

ing THE MATERIAL, AND HAS DEVELOPED A VERY SATISFACTORY METHOD FOR DOING THIS

efficiently and safely. She also studies the distribution of the active material

in the patient for a few days post-treatment.

c Radioactive phosphorus, P . This is used in the treatment of

leukemia amd of polycythemia vera, in selected cases. it is administered under

the direction of the therapeutic radiologists; the only functioi! of the isotope

Laboratory is to standardize and dispense it. No radioactivity measurements

are made on these patients.
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"raining Program

The quantitative study of the biological effects of ionizing radiations

involves of necessity the accurate measurement of the tissue dose at the sig-

nificant point or region in the irradiated organism. |n general this requires

a good knowledge of the characteristics of the different types of radiation,

familiarity with highly specialized techniques, and considerable ingenuity.

There are at present in this country very few people who are really competent

TO DO THIS WORK. On THE OTHER HaND THE BIOLOGICAL EFFECTS OF IONIZING

radiations are being studied extensively in numerous laboratories. there is,

therefore, a demand for physicists with this training and background, not

only in a. e.g. installations but in universities and hospitals.

the measurement and safe handling of rad ! 0- i sotopes are important

considerations in connection with the use of these materials in biological

and medical studies. constant vigilance must be exercised and this requires

proper trainmng and long practical experience.

The Radiation Research Laboratory has specialized in these fields for. many

years and, therefore, it has a certain amount of responsibility to train new

workers. in the past this has been done indirectly by training people for work

within' the laboratory and then helping them to get established elsewhere.

This, of course, will continue, but in addition steps have been taken to

accelerate and amplify the training program.

a program of studies, leading to the degree of ph.d. in biophysics has

been set up at columbia university. biophysics is a much broader field than

radiologic physics and rad i ob i olog y , which, however, are important branches

THEREOF. A CANDIDATE FOR A Ph.D. CEGREE IN BIOPHYSICS MAY SPECIALIZE IN EITHER

OR BOTH, DEPENDING ON HIS BACKGROUND.
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B. Radiotherapy

Dr. Morton Kli German has continued to explore the clinical application

of rotation radiotherapy. as descrip.ed in the previous section he has

collaborated with members of the radiation research division on methods of

practical dosage calculation in radium and x-ray therapy. d r . kligerman is

ALSO CONDUCTING A STATISTICALLY CONTROLLED EXPERIMENT ON THE USE OF DRAMhMINE

AND PVR I COX I NE IN RADIATION SICKNESS. WlTH PR S. JOHN Ro8 I NSON AND GEORGE F I SH

OF THE SQUIER LJROLOGICAL Cl I N I C , HE HAS INVESTIGATED THE TREATMENT OF BLADDER

CANCER BY SEGMENTAL RESECTION AND RADIUM I MPLANTaT I ON
J
PRELIMINARY RESULTS

INDICATE THAT THE COMBINED APPROACH IS SUPERIOR TO EITHER SURGERY OF; RADIO-

THERAPY ALONE. DRS. KLIGERMAN AND STU ART CO SGS I FF HAVE REPORTED ON THE DRAMATIC

REMISSION PRODUCED SY ADRENOCORTICOTROPIC HORMONE IN PATIENTS WITH SYMPTOMATIC

RAD I ATI ON F I BROS! S

.

C • The Radiology Service at the F rancis Del^ field Hospital

i . d i /.cmos i s

Dr. Arnold GmChma n, chief of the x-ray diagnostic service, is

conducting an active amd interesting investigative prograi. to extend the useful-

ness of x-ray in defining the extent of neoplastic disease. studies in progress

include the following:

1. Angiographic and venography studies of tumors located in various parts

of the body.

The vascular patterns of various tumors are being examined and studied

in v i

v

o and post morten in an attempt to delineate a characteristic and diag-

nostic appearance. !t is felt that after sufficient information is obtained the

method will prove of real value in localizing tumors and differentiating between

benign and malignant processes.

2. post-mortem portal venography and angiography.

the vascular appearance of the liver is being studied and the pattern of
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HEPATIC METASTASES EXAMINED. IT IS HOPED THAT EVENTUALLY IN VIVO STUDIES OF THE

VASCULAR PATTERN WILL SE OBTAINED. In TH i S MANNER LIVER METASTASES NOT APPRE-

CIATED CLINICALLY MAY 3E DISCOVERED.

3. Tomographic studies, particularly or the head and neck, fop. the deter-

mination OF ABNORMALITIES AND EXTENT OF METASTASES. SPECIAL STUDIES OF THE TOMO-

graphic anatomy of the base of the skull are now being carried out.

Involvement of the base of the skull from malignancy of the head and

neck is frequently not appreciated by routine radiographic examination. wlth

"body-section" radiography certain areas become more clearly delineated. th !

s

may 3e of major significance for determining operas i lity and extent of disease.

Since certain phases of this work have not been performed previously, it becomes

necessary to clearly define the normal appearance.

I I . Therapy

Dr. Kenneth Lqeff l er has investigated the excretion of C 4 tagged

POLYVINYL PYRROL I DONE WITH Dr. JOH N SCU P PER , DIRECTOR OF THE BLOOD BANK. POLY-

VINYL PYRROL I DONE (PVP) IS A SYNTHETIC HYDROCARBON '/HIGH HAS BEEN PROPOSED AS A

PLASMA SUBSTITUTE. THE STUDIES TO DATE INDICATE THAT APPROXIMATELY 70 PEF: CENT

OF THE RADIOCARBON INJECTED IS EXCRETED IN 24 HOURS. HISTOLOGICAL STUDY OF

TISSUES OBTAINED AT POST MORTEM FAIL TO SHOW EVIDENCE OF MACROMOLECULAR STORAGE

DISEASE. DR. LOEFFLER HAS ALSO COLLABORATED WITH OR. G.EORGE HyMaN ON IRON

METABOLISM STUDIES USING RADIOACTIVE IRON (SEE DEPARTMENT OFMEDICINE).

Dr. Vincent Collins and Dr. Warren J. Mead , Professor Emeritus of Geology

at the Massachusetts Institute of Technology, have made a very practical appli-

cation of the principle of dilatancy. According to this principle, a granular

mass expands if it changes shape, or if expansion is prevented, the mass resists

any change in shape. using this principle a device h«s been constructed which

has three applications in the radiotherapy department! fixation of the patient

during treatment, the taking of impressions for casts and molds, and for use as
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BOLUS MATERIAL, A REPORT OF THIS CLEVER mND USEFUL TECHNICAL ADJUNCT I iM RADIO-

therapy will appear in the american journal of radiology shortly.

Srs. Vincent Collins , Cmrl Draestrup an:) Ruth Guttmann have oevoted a major

effort to the definition of the indications amd limitations of super voltage

radiotherapy with the two million volt x-ray machine. a systematic study of a

variety of approaches to therapy has been made. these include:

a. arrangement of fields in order to give the f-est tumor dose with least

damage to surrounding organs.

b. the use of plaster contours to increase accuracy of measurement and treat-

ment plan.

c. Calculation of tumor dosage in every instance.

d. The addition of a oackpointer, pin and arc to the x-ray machine to add to

the accuracy in lining up fields.

E. THE USE OF A ROTATION CHAIR FOR TREATMENT OF EXTENSIVE DEEP SEmTED

tumors with the purpose of treating large areas wl th minimal damage to surround-

ing healthy tl ssues.

the application of these approaches in two million volt x-ray therapy

provides certain definite improvements over the usual methods of radiotherapy.

These include a setter depth dose, less back scatter of radiation, less tissue

absorption, less general. radiation reaction and less skin reaction.
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Department of Surgery

as in the case cf other clinical departments, cancer research in the

Department of Surgery includes fundamental laboratory investigations as

well as applied clinical research.

p.;. cushman haagensen has continued research on the problem of mouse

mammary carcinoma. the major emphasis has been along two lines:

1. Dr. Michael He i delberger has continued his studies to demonstrate

IMMUNE REACTIONS TO THE AGENT. ThE ANTIBODIES IN THE RABBIT SERUM PRODUCED

GY INJECTION OF THE PURIFIED MOUSE CARCINOMA AGENT HAVE BEEN STUDIED QUANTITATIVELY.

Exhaustive absorptions of anti-particle sera by means of C57 milk proteins and

dy c57 breast tissue extract left a high proportion of the antibody nitro-

gen still in the serum, so that the highly absorbed ant i sera were still

capable of precipitating the mouse mammary carcinoma particles from

suspension. the antibody to antigen ratios were low, often less than one.

in vivo experiments to test whether or not the antibodies can neutralize

mouse mammary carcinoma particles when injected into test mice have been

carried out, but the results will not be apparent until the mice reach old

age in another year. a report of these immunological experiments has just

been published (jour. exp . med. april. 1952)

2. Dr. Dan IvIqqre has continued his efforts to prepare purer

preparations of the agent for demonstration with the electron microscope.

he has used the analytical ultracentr i fuge and the electrophoresis apparatus

as the chief means of separating out the active agent. he has found recently

that tumor tissue is a better source of the agent than milk, and has

succeeded in preparing from this material bettef: electron microscope

pictures than have been obtained previously in any other laboratory.

Dr. Moore, in collaboration with Professors Passey and Dmochowski of the

University of Leeds, has carried out titration experiments which have shown
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THAT CARCINOMA IS PRODUCED IN MICE WITH DOSES OF THE AGENT AS LOW AS 10~'

MICROGRAMS OF NITROGEN. Th I S PERMITS THE TENTATIVE CONCLUSION THAT THE NUMBER

OF PARTICLES NECESSARY TO PRODUCE TUMORS IS OF THE ORDER OF HALF A MILLION.

IN CARRYING ON THESE EXPERIMENTS DURING THE PAST YEAR APPROXIMATELY 4.0,000

MICE FRO'; PURE BRED STOCKS OF C57 AND P/.RIS R II! STRmINS Hr>VE BEEN USED. THE

animal colony at the moment has a population of 5000, contained in approximately

1500 cages. During the past year the mouse dairy has produced approximately

3500 cc. of milk. M rs. Edith Copley's work concerns the statistical investi-

gation of neoplastic disease in the Columbia-Presbyterian Medical Center. Since

Mrs. Cooley became statistician to the Institute of Cancer Research, a method

OF SYSTEMATIC review of the histories of all patients with neoplasms coming to

the iVIedical Center has been organized. For this purpose a neoplasm summary

card is used upon which the data for every neoplasm cam be recorded. the record

of her first findings has been published in the "statistical investigation of

Neoplastic Oisea.se" First Annual Report - 194-8.

In addition, Mrs. Cooley has given statistical advice of great value

regarding several studies of malignant disease that have been carried on

recently in the Department of Surgery and the Department of Gynecology.

At present, Mrs. Cooley is also engaged in supervising the organization

of a method of statistical investigation of neoplasms in Delafield Hospital

WHICH WILL DE aN INVALUABLE AjD TO MEMBERS OF THE STAFF WHO WISH TO USE

THE RECORDS.

Dr. Dan i el i,1 . Shap i ro has initiated a program to test the validity of the

HYPOTHESIS THAT AN APPRCaCH TO THE SELECTION OF CaNCER CHEMOTHERAPEUT I

C

AGENTS LIES IN THE QUANTITATIVE BIOCHEMICAL DIFFERENCES BETWEEN NORMAL AND

NEOPLASTIC CELLS. It IS POSTULATED THAT SINCE METABOLITE INHIBITION BY AM
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ANTIMETACOL! TE DEPENDS UPON THE CONCENTRATION RATIO OF METABOLITE AND

ANTAGONIST, THE FUNCTION OF, FOR EXAMPLE, A VITAMIN IN LOV CONCENTRATION

IN CANCER TISSUE WIGHT BE BLOCKED BY MEANS OF AN ANTAGONIST WHILE ONLY

MINIMALLY DEPRESSING THE METABOLIC ACTIVITIES OF THE SAME VITAMIN IN NON-

MALIGNANT CELLS. TmE CONCOMITANT ADMINISTRATION OF COMBINATIONS OF

ANTAGONISTS, SELECTED UPON THE A30VE EmS I S , MIGHT RESULT IN SIMULTANEOUS

injury to multiple metabolic pathways within the cancer cell.

During the p^st year experimental chemotherapy of a transplantable

tumor in mice using combinations of anti-tumor drugs and vitamin analogs

has yielded the following preliminary results.

(a) STILBESTEROL INHIBITS THE 755 BREAST CARCINOMA AND, IN COMBINATION WITH

THE GUANINE ANTAGONIST 8-AZAGUAN I NE , PRODUCES A VERY MARKED TUMOR

INHIBITORY EFFECT.

(a) In accord with the microbiology section findings that riboflavin is

IN LOWER CONCENTRATION IN THE 755 TUMOR, FLAVOTI.i, A RIBOFLAVIN ANALOG,

INHIBITS THE GROWTH OF THIS TUMOR IN FEMALE MICE.

(c) Testosterone enhances the inhisitok v effects of the pyridoxine

antagonist, uesgxyp yr i dox i ne toxicity.

(o) the administration of pyridoxine together with desoxypyp. i dox i
we

prevents the usual carginostatic effect of the b£ antagonist, thus

indicating its mechanism of action.

In the Surgical Pathology Laboratories, Dr. John Pi ckren is carrying

on a research project on the incidence and distribution of metastases to

the axillary lymph nodes in cases of carcinoma of the breast.

Dr. Robert Grinnell has continued his studies on the distribution

OF METASTASES FROM CARCINOMA OF THE RECTUM AND COLON. DR. GrINNELL IS

ALSO CARRYING ON A STUDY OF THE EXTENT, FREQUENCY AND MECHANISM OF THE
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downward spread of carcinoma of the rectum in the wall of the bowel.

The work of Or. Raffaelo lattes on the differential diagnosis

between gastric ulcer and neoplasm and the studies of pr. v i rg i n i a frantz

on rad 10- iodine in thyroid cancer have been summarized in published articles

(bEE E| DLIOGRAPHV)

.

Dr. Sa:,;uel r<
. Powers has developed an instrument which makes possible

THE STUDY OF THE CARD I O-VASCULAR RESPONSE TO MAJOR SURGERY. The METHOD

involves the injection of small amounts of a radio-active material (na^)

and the determination of the resulting concentration in arterial blood,

the method is suitable for use in the operating rooms and on the wards.

Frequent measurements of cardiac output can be carried out in the pre-

operative AND POST-OPERATIVE PERIOD.

THE EFFECTS OF MAJOR SURGERY, INCLUDING RADICAL CANCER SURGERY, HAVE

BEEN STUDIED WITH SPECIAL REFERENCE TO THE RELATION BETWEEN BLOOD LOSS,

CARDIAC OUTPUT AND SURGICAL TRAUMA. I HE RESULTS FROM THESE STUDIES HAVE

SEEN USED IN THE CLINICAL MANAGEMENT OF THOSE OaSES FREQUENTLY AS A QUANTITATIVE

GUIDE TO OLOOD REPLACEMENT.

The EFFECT OF SPECIFIC DRUGS, such as digitalis, ephedrine, etc are

being studied in the management of surgical trauma.

Dr. Hugh Fuzpatrick has utilized small plastic catheters and Lilly

Capacitance Manometers with a direct writing oscillograph to obtain

continuous intravascular pressure pulse curves throughout a variety of

surgical procedures. The small polyvinyl catheters are introduced through

20 gauge needles into any desired peripheral artery or vein, into the great

vessels or into cardiac chambers. from any three such sites, along with an

electrocardiogram, simultaneous and direct pulse pressure tracings are

obtained.
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Throughout RADICAL SURGICAL procedures for cancer, the effects of rout I me

manipulations, coincident with any specific operation, either by the surgeon

or anesthesiologist, have been studied. these studies complement the coopera-

tive conduct of the operation, as a continuous and direct record of the

circulatory status of the patient is obtained and the effects of either blood

loss or blood replacement, either by artery or vein, can be followed closely.

in cases of carcinoma requiring radical neck surgery, a continuous record

has eeen made also of the intraspinal fluid pressure and the effects of partial

or complete occlusion of one or doth internal jugular veins have been

quantitated as well as the general circulatory adjustment that may occur

with such procedures.

D r. Margaret Murray has supervised the research of a number of collabo-

rative PROJECTS IN WHICH TISSUE CULTURE TECHNIQUES HAVE BEEN EMPLOYED -

.

A CMEMOTHERAPEUTIC AND METABOLIC STUDY OF HUMAN GLIOBLASTOMAS IN VITRO

HAS BEEN PURSUED DURING THE PAST YE«R SYiVl RS. EDITH PETERSON , IN COLLABORATION

w i th Dr. J. L. Pool and Dr. E ri ch Hi p.schberg . Th i s has i nvolved the i nh i b i t i on

of the cultured tumor tissue by 8-a2aguan i ne , and its protection by guanine

and adenosine, with cultured human fetal glial tissue as control.

Mrs. Peterson has also continued her investigation of the circumstances

surrounding the formation of myelin in v itro . and has shown that the beginning

of myelin-formation (in the chick sensory ganglion) is coincidental with the

maturation of the ganglion cell as regards form and distribution of n i ssl

substance. evidence has also been obtained in favor of the participation of

the Schwann cell in myelin formation.

Mrs. Helena Benitez has continued her study of mitotic poisons, in

collaboration wj th Dr. E . Chargaff and Dr. Hawthorne . This has been directed

PARTICULARLY TOWARD INVESTIGATING THE RELATIONSHIP Oi~ ME SO- I NOS I TOL TO THE

SPINDLE; AND DURING THE CURRENT YEAR IT H..S INVOLVED THE STUDY OF 3 COLCHICINE
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ANALOGS (TROPOLONEs) FOR THE FIRST TIME IN VITRO . AND THE DEMONSTRATION THAT

THEY ARE NOT SPINDLE POISONS FOR RAT FIBROBLASTS.

Miss Frances Mottram and Miss Elizabeth Tap er, in collaboration with Dr^

A. P. Stout and Dr. R. Lattes, have continued to study and record the character-

istics EXHIBITED BY A VARIETY OF HUMAN NEOPLASMS IN TISSUE CULTURE, AS AN AID

IN THEIR CLASSIFICATION AND DIAGNOSIS. WlTH DR. FRED [VlETTLER aND MR. STANL EY

GRAIN THEY HAVE ENGAGED IN AN EFFORT TO RECORD ACTION POTENTIALS OF SINGLE

NERVE AND MUSCLE CELLS IN VITRO . POTENTIALS HAVE SO FAR BEEN OSTAINED FROM

CARDIAC AND SKELETAL MUSCLE CELLS.

D r. Edward L. Howes has carried out biological studies on the influence

of altered metabolism on the proliferation of normal epithelial cells, fibro-

blasts and blood vessels after a single injury under the influence of a

previously instituted metabolic alteration. These rates were compared with

those of malignant cells subjected to the same metabolic chances. The experiments

WERE CONDUCTED IN RATS. RESULTS DURING THE PAST YEAR INDICATE THaT THE DEPRESS-

ANT EFFECT OF CORTISONE ON MESENCHYMAL PROLIFERATION CAN BE FURTHER ENHANCED

WHEN THE SERUM PROTEINS ARE LOWERED. THE CAPACITY OF ADENINE AND GUANINE TO

OFFSET THE INHIBITION OF EPITHELIAL GROWTH CAUSED DY 8-AZAGUAN I NE HaS BEEN

INVESTIGATED. iT HAS SEEN FOUND THAT ADENINE DEFINITELY PREVENTS THE ACTION

OF 8-AZAGUAN I NE WHEN BOTH CHEMICAL COMPOUNDS ARE LOCaLLY APPLIED.

Dr. David V. Had i f has conducted research on the alteration of fluid and

electrolyte shifts in patients undergoing major surgery. the increasing magni-

tude of radical cancer surgery makes such studies of paramount importance.

Included in the determinations are measurements of extracellular volume both

with inulin and sodium thiosulfate along with total body water space using

deuterium oxide. the sodium space measurements are carried out with radioactive

sodium (na2^)

.
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Th I s year's results demonstrate that one method of determining extra-

cellular VOLUME CANNOT OE COMPARED WITH ANOTHER. IT IS IMPOSSIBLE TO BE CERTAIN

that extra-cellular fluid is being measured as such and this study resolves

itself into a definition of just what is and is not be i ng measured. it has

been shown that the standard i nul i n method of a 6 hour constant infusion and

24 hour urine collection is not practical for use in surgical patients and

that a 4 hour constant infusion taking into account urine loss during this

period is not entirely reliable. the sodium thiosulfate method has given

reproducible results and has been adopted as the method of choice.

the methods for determining extra-cellular and total body water along

with 3 hour exchangeable sodium space are being used to evaluate quantitatively

shifts of water and electrolytes in patients demonstrating marked alterations pre

and postoperatively and those undergoing major surgery. some 40 patients

have been studied as regards total body potassium to evaluate quantitatively

losses not reflected in the serum concentration and as a guide to the magnitude

of change incident to major surgery.

Surgical Service of the Francis Delafield Hosp ital.

a laboratory and clinical study of the lymphatic circulation has been

UNDERTAKEN BY pR. Davi D Ju . Dr. Ju HAS DEVELOPED A METHOD FOR ACCURATELY

measuring the lymphatic circulation in the extremities of dogs using radioactive

albumin. the method is now being applied to study various abnormalities in the

lymphatic circulation of patients with cancer.

Prs. Joseph McDonald and Joseph Cai rncrqss are directing special attention

TO the internal mammary node and supraclavicular node route of metastasis as an

INTEGRAL PART OF THE- BROAD STUDY OF BREAST CANCER aND ITS MANAGEMENT. Th I

S

INVOLVES BIOPSIES OF THE LYMPH NODES FROM THESE AREAS IN SELECTED CASES BEFORE

TREATMENT AND BIOPSY OF THE INTERNAL MAMMARY NODE IN ALL CASES UNDERGOING

MASTECTOMY FOR CANCER OF THE BREAST. As A CORRELaRY TO THIS, DISSECTIONS OF THE
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INTERNAL MAMMARY LYMPH NODES AT AUTOPSY ARE BEING OCNE ON 100 CONSECUTIVE CASES

IN AN EFFORT TO ASCERTAIN MORE ACCURATELY THE ANATOMICAL DISTRIBUTION OF THE

LYMPH NODES IN THIS REGION. Dr. MCDONALD IS CONDUCTING A LONG TERM PROGRAM TO

improve the clinical application of plastic and reconstructive surgery in head

and neck cancer. ten major cases of this category have now been collected,

documented with motion picture records and fine colored illustrations prepared

by Mr. Ivan Summers , medical artist.

N eurological Surgery Service .

Dr. J. Lawrence Pool is conducting a clinical evaluation of 8-azaguanine

IN THE TREATMENT OF GLIOGLASTOMA MULTIFORME (SEE Dr. MARGARET MURRAY, Dr.

Erich Hi rschberg) .

Dr. James B. Campbell is engaged in developing stereotoxic means of insert-

ing MEASURED AMOUNTS OF RADIOACTIVE MATERIAL. FOR SPECIFIC PURPOSES IN DEEP

SEATED 2RAIN TUMORS.
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PEPARTMENT QF UROLOG Y AND THE P ROLOG I CAL SERVICE Of THE! F RANG I S PELAF I ELD HOSPITAL

A HIGHLY INTEGRATED CLINICAL AND LABORATORY RESEARCH PROGRAM ON UROLOG I CAL

CANCER HmS BEEN INITIATED BY pR. PERRY HUDSON AND Pr. JOHN REINER . THE TEAM WORK-

ING UNDER THEIR DIRECTION CONSISTS OF CLINICIANS AND B I OCHEM I STS AND INCLUDES

THE FOLLOWING INDIVIDUALS: DPS . GEORGE VV. r" I SH , iV'lORRIS LONDON , ALEX L. F INKLE ,

Kenneth Tsudoi ,
Donald R appqport, Harold f.-i . Jqst , Marion Bentley , Casimir T.

WpLAN AND IVlEI R pQDBEKEZEC .

A. Clinical Research at the Francis Delam eld Hospital .

One of the major clinical projects under study during the past year

has been a collaborative investigation with the medical service on the effect

of bilateral adrenalectomy on cancer of the prostate, 3reast, bladder and kidney,

at the present time eighteen patients have been studied. temporary remissions

have been induced in patients with disseminated prostatic cancer and when

EXACERBATION OF THE DISEASE HaS OCCURRED, RE I NST I TUT I ON OF ESTROGEN THERAPY

has benefited the patients who were previously refractory to androgen control

therapy. Subjective and objective improvement has not been noted in patients

with other neoplasms, out the series is too small to permit conclusions now.

in addition to the evaluation of the effect of bilateral adrenalectomy on

the various cancers, the operated patients have also been studied exhaustively

from other standpoints. kldney function studies conducted by pr. stanley

Bradley using precise techniques for the determination o^ renal blood flow,

glomerular filtration rate and the filtration fraction have not shown any

impairment in adrenalectom i zed patients maintained on cortisone. metabolic and

cardiovascular studies on the patients before and after adrenalectomy have also

not demonstrated any significant changes.

Steroid metabolism is being carefully studied in these adrenalectomized and

often also gonadectomized individuals. brief mention has already been made in

AN EARLIER SECTION (SEE D r. SEYMOUR L I EGERMAN ) . RECENTLY, REPORTS HAVE APPEARED
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i n the European and American literature on the desoxycorticosterone-like

ACTIVITY or GLYCYRRHIZINI C ACID. An ATTEMPT WILL 3E MADE TO CONFIRM THESE

OBSERVATIONS IN POST-ADRENALECTOMY PATIENTS AMD THE URINARY EXCRETION Of

17-KETOSTEROI AND NON-KETONIC STEROIDS WILL BE DETERMINED.

IN ANOTHER PHASE OF THE CLINICAL RESEARCH PROGRAM, 150 PATIENTS HAVE BEEN

SUBJECTED TO A DETAILED UROLOGICAL EVALUATION WITH THE OBJECTIVE OF DETECTION

OF EARLY CARCINOMA OF THE PROSTATE. IN 150 CONSECUTIVE PERINEAL PROSTATIC

BIOPSIES, 30 PER CENT WERE FOUND TO SHOW CANCER. 3y CORRELATING PRE-OPERAT I VE

diagnoses v'/ith the biopsy findings, it has been noted that approximately one

half of those cases found suitable for curative surgery were not suspected of

harboring a prostatic cancer pr i ok to the open surgical biopsy and frozen

section procedures. ancillary to this study a comparison of the relative reli-

ability of transurethral and perineal prostatic biopsy has been made. the

autopsy data which has demonstrated that prostatic cancer arises primarily

within the posterior lose has been confirmed in the clinical studies and

provides a reasonable explanation for the unreliability of transurethral biopsy

in early diagnosis which was found.

a system of classifying ok grouping prostatic cancer patients has been

.devised in conjunction with prs . a. p. stout and el3 1 th sproul of the pathology

Service. This system is based upon microscopically ascertained extent of

disease, rather than w'ohi cytologic or histologic criteria.

Prostatic cancers are placed in five distinct groups. Group I cancers are

THOSE WHICH ARE STILL CONFINED TO THE SUBSTANCE OF THE GLAND. GROUP i! CANCERS

ARE THOSE IN WHICH TUMOR CELLS HAVE INVADED PERINEURAL LYMPHATIC SPACES, BUT NOT

BEYOND THE ANATOMICAL CAPSULE OF THE PROSTATE. GROUP Mi CANCERS HAVE PROGRESSED

AS FAR AS THE PERINEURAL LYMPHATICS OF THE GEN i TAL FASCIAL ENVELOPE SURROUNDING

THE SEMINAL VESICLES. GROUP IV CANCERS ARE THOSE WHICH HAVE INVADED PERIPRO-

STATIC tissues. Group V cancers are the frankly metastatic tumors.
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ACCORDING TO THIS CLASS I F I CAT I CN , GROUPS 1,11 AND Ml PROSTATIC CANCERS

ARE CONSIDERED SUITABLE FOR CURATIVE SURGERY. GROUPS IV AND V aRE THOUGHT

SUITABLE FOR PALLIATIVE THERAPY ONLY.

THiS CLASSIFICATION IS SIMILAR TO THE LEAGUE OF NATIONS GRADING FOR CANCER

OF THE UTERINE CERVIX, AND TD DUKES 1 CLASSIFICATION FOR NEOPLASMS OF THE BOWEL.

IT SEEMS LIKELY THAT THIS SYSTEM FOR GROUPING PROSTATIC CANCER WILL PROVE

SIMILARLY USEFUL IN COMPARING RESULTS OF THERAPY DERIVED FROM VARIOUS CLINICS;

THIS H.*S NOT PREVIOUSLY SEEN FEASIBLE, BECAUSE THERE HAS NOT BEEN GENERAL AGREE-

MENT ON TYPES OR GRADES OF PROSTATIC CANCER AS SEEN BY DIFFERENT PATHOLOGISTS.

A STUDY OF THE V^LUE OF PROLONGED, MASSIVE ORAL DOSAGE OF C i ETHYLST I LBESTROL

IN THE MANAGEMENT OF METASTATIC PROSTATIC CANCER ilr>S BEEN UNDERTAKEN. ALTHOUGH

THE VALUE OF ESTROGEN THERAPY IS WELL ESTABLISHED, THE LEVELS OF DOSAGE, PAR-

TICULARLY OF STILBESTROL HAVE BEEN CONTROVERSIAL. IN GENERAL, LOW DOSAGES (1-5

MG . DAILY) HAVE BEEN EMPLOYED. THERE ARE SOME STUDIES ALSO ON THE EFFICACY OF

INTERMEDIATE DOSAGE (up TO 25 MG . DAILY/. UNTIL THE PRESENT STUDY, NO ATTEMPTS

AT THOROUGH EVALUATION OF MASSIVE ESTROGEN DOSAGE HAVE BEEN MADE. A TOT.^L OF

70 PROSTATIC CANCER PATIENTS HAVE NOW BEEN GIVEN A DAILY ORAL DOSE OF 500 iviG . OF

1 ETHYLST I LBESTROL. IN MANY INSTANCES PATIENTS ARE NOW IN THEIR SECOND YEmR OF

medication. some patients have received in a two year period more than 400 grams

of the drug.

Immediate observations on these patients yield one clinically valuable fact:

the incidence of undesirable side reactions (nausea, vomiting, painfully enlarged

BREASTS, AND DEPENDENT edema) APPROACHES ZERO. IT HAS, THEREFORE, NOT EEEN

necessary to discontinue the medication because of drug idiosyncrasy.

Final effects of massive estrogen administration upon the neoplastic tissue

cannot be determined at this time. there has been no grossly discernible differ-

ence, in this regard, between the various dosage levels.
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|n conjunct i cm with androgen control therapy of prostatic cancer, am

investigation has been initiated with dr. menard gertler of the medical service.

on the serum lipids. it has been found that orchiectomy and the administration

of estrogen is followed by a rise in the serum cholesterol and a greater rise in

the serum phospholipids. the implications of these results in atherosclerosis

.are now being studied.

At the Francis Delafield Hospital a total of 200 patients (185 males and 15

females) who have undergone surgery on the Urological Service have been surveyed

in a joint investigation with Dr . Gertler. These patients were studied from a

cardiac viewpoint, in addition to the specific urolog i cal investigations, and were

prepared pre-cperati vely to assure the best tolerance during surgery. a post-

operative follow-up was oohf. in each such case.

a preliminary survey indicates that cardiac complications have been kept to

an unusually low frequency by this screening. furthermore, it was demonstrated

that patients with bundle branch block ( right or left) were able to withstand with

ease even major urolog i cal surgery.

although the results have not been fully aggregated, it is obvious that

numerous patients who are .-.symptomatic, are discovered to have potentially danger-

ous cardiac problems. the problems which may arise from such occult cardiac

disease may se preventable !f the pathology 13 recognized prior to operation.

Furthermore, it has been learned that even severe cardiac patients withstand

urological surgery well if proper cardiac medication and preparation is available

p re-op e rat i vely.

B. Lador -.tory Research .

THE LABORATORY INVESTIGATIVE PROGRAM IS CONCERNED WITH THREE MAJOR AREAS:

THE PURiFICATIO?* OF PROSTATIC aC I D PHOSPHATASE AMD STUDY OF ITS FUNCTION, PROTEIN

SYNTHESIS IN THE GENERATIVE ORGANS, AND NUCLEIC ACID METABOLISM IN NORMAL «ND

MALIGNANT CELLS OF THE GEN I TO-UR I NARY SYSTEM.
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excellent progress has deem made i n the isolation of the acid phosphatase

from prostate glands. usilmg a variety of convent! omal and newly developed

techniques, it has been possible to affect a thousand fold concentration of the

enzyme. Properties of the enzyme are now under study.

Using acetone, calcium phosphate gel and ammonium sulfate fractions, sera

from four prostatic cancer patients with high serum acid phosphatase values were

fractionated. in all tests made, the serum enzyme proved to be identical with

that found in non-cancerous prostates.

in the investigation of protein formation in generative organs, glutamine

synthesis and the amide exchange reaction have been particularly emphasized.

Experiments are also in progress to determine the feasibility of using acid

phosphatase formation as an indicator of met protein synthesis in surviving

prostate slices. Changes in protein synthetic reactions are being followed

during the process of aging and the influence of hormones upon these biochemical

activities 15 cling studied.

With Or . Frederick Agate or the Department of Anatomy an investigation of

CHOLESTEROL «N0 ASCORBIC ACID IN THE HUMAN ADRENAL IS IN PROGRESS. IViTHIN 45

MINUTES OF THE INTRAVENOUS ADMINISTRATION OF ACTH , THE CORTICAL ASCORBIC ACID

DECREASES SIGNIFICANTLY SUGGESTING AN EXTRAORDINARILY RAPID EFFECT OF THE PITUI-

TARY HORMONE ON ADRENAL STEROID FORMATION.
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Introduction

It is difficult to assess progress in cancer research from year to year

particularly for those who are working directly in the field. The clinician

who daily sees patients with neoplastic disease is constantly aware of the

magnitude of the medical and social problem which is presented by cancer. The

laboratory scientist who studies the physiological and biochemical phenomena of

normal and tumor cells is impressed with the magnitude of the biological problem

presented by neoplasia. Certainly every worker in the cancer field experiences

periods of frustration and intense dissatisfaction with the apparently slow rate

of progress toward the goal of effective cancer control.

It is recognized by all that the possibility exists that someone, somewhere,

may make a revolutionary observation which will provide the key to the riddle of

cancer. At the present time it seems highly unlikely that this will happen and

few are willing to await this remote possibility with sublime patience. The

vast majority prefer to press onward through investigations which cover broad

areas utilizing the knowledge and techniques of all. possible scientific disci-

plines.

The activities of the Institute of Cancer Research which are briefly describ-

ed in the succeeding pages typify this latter approach. No claim can be made that

an advance of vast significance has been achieved in the year 195>2-53; knowledge,

however, has been gained which coupled with that of other clinics and laboratories

throughout the world must bring us closer to an understanding of the problems of

abnormal growth.

The tremendous effort of the men and women of the Institute of Cancer Re-

search during the past year has been made possible in large part by grants from a

number of organizations and ultimately by the citizens of this country. It is

with a feeling of gratitude and also a sense of cooperation that appreciative

acknowledgment is made to:

The Albert and Mary Lasker Foundation

The Alma Toorock Memorial Fund
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The American Cancer iociety

The American Urological Research Foundation

The Atomic Energy Commission

The Committee on Growth, National Research Council

The Damon Runyon Memorial Fund

The Isabel McMillin Fund

The HcAndrews-Forbes Company

The New York City Cancer Committee

The Pardee Foundation

The Schering Corporation

The United States Public Health Service

Alfred Gellhorn, M.D.

July, 1953
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Department of Biochemistry

Dr. Erwin Chargaff and his group have continued active research in the field

of Cell Chemistry. Although much of this work has been supported by funds not

specifically designated for cancel' research, practically all of his researches

have a bearing on problems vtith cancer as can be seen from the titles of his

publications during the academic year.

Dr. Stephen Zamenhof has continued his studies in collaboration with Dr.

Hattie Alexander of the Department of Pediatrics on the influence of various

agents on the transforming principle (heredity determinants, DNA) of Hemophilus

influenzae and on human DNA- In particular, the action of carcinogenic agents was

studied. It was found that the carcinogenic agents can be divided into two

classes, those (such as urethane, carcinogenic hydrocarbons, carcinogenic a 20

dyes) which have no demonstrable effect on DNA in general, and the heredity de-

temainants in particular, and those (such as nitrogen mustard, ultraviolet light)

which even in minute amounts inactivate the heredity determinants.

Dr. Zacharja s Dische has continued his work on mucopolysaccharides from blood

and other tissues and has developed new and valuable color reactions for the de-

tection and estimation of the heptoses, a class of carbq .hydrates which is now

assuming considerable biochemical importance. These observations are now being

applied to the study of mucopolysaccharides in the blood of patients with cancer.

Dr. David Pdtteriberg and his group have made important contributions to the

theory of protein synthesis in humans, in intermediary metabolism of amino acids,

and the physical-chemical aspects of enzymatic reactions.

Dr. David Shemin and his associates have continued their important studies on

the mechanism of porphyrin formation and allied topics.

Dr. David B« Sprinson and his group have continued their studies of inter-

mediary metabolism of threonine and histidine and have completed an investigation

of the biosynthesis of shikimic acid by microorganisms.
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Francis Delafield Hospital

The Biochemistry Laboratory of the Francis Delafield Hospital, a division of

Columbia University's Department of Biochemistry, is engaged in a comprehensive

program of study on fundamental biochemical aspects of malignant disease. The ex-

periments are highly integrated and complementary and are the collaborative enter-

prise of the whole staff.

The model experiments on mammary carcinoma, culminating in the isolation from

milk of the responsible virus, have entered a new phase after the demonstration

that the isolated tumor-producing particles are immunologically distinct from

normal milk components (Graff, Heidelberger and Haagensenj Heidelberger, Graff and

Haagensen; Heidelberger, Leon, Graff and Haagensen) . Propagation outside the

animal body would be a valuable step forward. Promising experiments on in vitro

cultivation of the virus are in progress under the combined efforts of Mrs. Ada

Graff, Mr. Gerard Zagal, Mrs, Lucille Seguin (Department of Pathology), and Drs.

Engelman and Graff

.

The contrasting leukemia project established just a year ago, seeks to isolate

and characterize the agent in the milk of old Storrs-Little mice which protects C!?8

mice from leukemia which is endemic in that strain. Mrs . F. J. Agate , Mr. Gerard

Zagal, Mrs. Ada Graff, Dr. E. C MacDowell and Dr. Graff have succeeded in estab-

lishing the several pure-bred strains in proper balance for milking and definitive

fractionation experiments.

This laboratory has been engaged in the study of nucleic acids for a long time.

The demonstration of the irreversible conversion of guanine to adenine in Tetra-

hymena geleii (Flavin and Engelman) which is the reverse of that in the metazoan

suggested a possible bicyclic precursor for the two purines. Drs. Margaret

Marshall, Engelman and Graff have subjected the question to experimentation wherein

doubly labelled isotope experiments have proven that the purines are independently

synthesized in the animal body without bicyclic intermediates. Further studies to

trace the synthesis of the individual pyrimidine and imidazole moieties are in

progress.
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The finding by Graff and Barth in 1935> that the total purine content of the

developing amphibian embryo is constant until beginning differentiation ivas ampli-

fied by Brachet, who concluded that desoxyribosenucleic acid undergoes synthesis

at the expense of ribosenucleic acid in this system. Iluch later Villee, and later,

Abrams, showed by means of isotopic markers that Brachet's conclusions were un-

tenable. Experiments have therefore been started in this laboratory in an effort

to rationalize the superficially contradictory evidence of the constancy of

purines (common to both nucleic acids) and the obvious synthesis of desoxyribose-

nucleic acid in the developing embryo. Dr. Kathe B. Liedke, Mrs. Ada Graff and

Drs. Engelman and Graff are comparing the isotopic labels of the individual purines

at various stages of development of frog embryos specifically labelled in the

nucleic acids. Confirmatory proof of original purine findings are being sought by

Dr. David J. Smith who is partitioning the nucleic acid bases quantitatively by

means of elution ion-exchange chromatography without previous isolation of the

nucleic acids.

The amphibian embryo also provides an unique opportunity for the study of

other chemical events occurring during simple cellular division. Drs. Marshall and

Liedive are conducting precise amino acid analyses at progressive stages of embry-

onic development in a search for characteristic amino acid changes.

It is obvious that the essential amino acids are the ultimate precursor of the

nitrogenous moieties of the nucleic acids in the metazoa. Drs. Engelman, Gillespie

and Graff have therefore embarked on an investigation of the precise contribution

to the nucleic acids of the various chain carbon atoms of the essential amino acids.

The first of these, 2-Cx -T-histidine, has been prepared and is under experimental

study

.

A study of interference with essential cellular processes or growth inhibition

not only provides experimental direction for growth studies but may eventually

provide more or less specific chemotherapeutic agents against cancer. Drs.

Engelman and Gillespie and Mr. Leonard Weintraub have been engaged in the synthesis
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of compounds superficially related to guanine with these ends in view. Several

new compounds, benzimidazoles and benzotriazole derivatives which have been found to

inhibit growth in either T. geleii , Rang pipiens, or both, have been synthesized

and are under detailed study by Dr. Liedke and Mr* Sheldon Greer (Department of

Zoology)

.

Dr. Leopold May is investigating the molecular structure of these groups by

means of infrared analysis in a systematic manner in an effort to arrive at some

relation between structure and biological action.

This laboratory is engaged in a collaborative study with the Department of

Medicine in the Francis Delafield Hospital under the direction of Dr. A. Gellhorn

on aisLno acid metabolism in cancer. The research involves application of inter-

mediary metabolic tracer methods. H -'-labelled aspartic acid has been administered

to a leukemic patient. Incorporation and transfer of the amino group in the serum

proteins, white eel] s, and urine are under investigation by Dr. Donald Tschudy,

Mrs . Graff and Dr. Graff. The application of these procedures to the study of

solid tumors is anticipated.

Dr. Sumner Levine has been concerned with the role of intracellular structures

in protein metabolism. This work involves a consideration of phosphorylation

mechanisms and their role in biosynthetic processes. Dr. Levine has also been

active in the study of substrate bonds, especially those involving carcinogens.

He has evolved a theory for the multipoint binding of substrate to protein and is

engaged in experimental applications of this theory.
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Department of Medicine

As in previous years, much of the research of Dr. Alfred Gellhorn and his

associates, Dr. Erich Hirschberg , Miss Alice Kells and Marie Hanson , has been de-

voted to studies along two general lines: a) the biological evaluation of poten-

tial carcinostatic agents in a variety of experimental neoplasms; and b) the elu-

cidation of biochemical mechanisms of action of active tumor-inhibiting compounds.

A number of studies of different nature have also been initiated and will be dis-

cussed briefly.

a) Screening Experiments - A series of benzimidasoles and benzotriazoles

synthesized by Dr. C. T » Banner of Carson-Newman College were tested against mouse

mammary adenocarcinoma 755 and Sarcoma 180 with consistently negative results. No

inhibition of these tumors "was seen with a number of other unrelated agents, in-

cluding hexestrol and chloroquine.

The cross-linking agent ].,I(.«dimethanesulfonyloxybutane (GT III, Myleran) was

tested extensively in the laboratory, in conjunction with a program of clinical

evaluation in man. This drug, at a daily dosage level of 10 - 25 mg./kg., effec-

tively inhibited the growth of mouse mammary adenocarcinomas 755 and Eo7?l and of

the Brown-Pearce squamous-cell carcinoma in rabbits; mammary adenocarcinoma RC and

Sarcoma 180 were inhibited in some experiments, but the drug was without effect on

lymphosarcoma 6C3IEED and myelogenous leukemia Cllj. 3.

Three new tumors have been added to the spectrum of neoplasms available for

chemotherapeutic evaluation of compounds; mouse gliomas 26 and C3H19 and the

ascitic form of lymphosarcoma 6C3HED.

These laboratories are participating in a collaborative experiment sponsored

by the American Cancer Society in which the effect of a representative number of

chemotherapeutic agents in a wide variety of biological and biochemical systems

is being compared and evaluated. As part of this program, the carcinostatic effect

of these agents against the Brown-Pearce tumor in rabbits and mammary adenocarci-

noma 755 and gliomas 26 and C3H19 in mice is under investigation.





b) Mechanism of Action - Following the demonstration that tumors susceptible

to carcinostasis by O-azaguanine are low or lacking in an engine which deaminates

and thus inactivates the drug, it had been shown that human glioblastoma exhibits

negligible azaguanine deaminase activity whereas normal adult brain has an active

deaminase system. In view of the possible clinical application of this finding,

attempts were made in collaboration with Dr. J. Lawrence Pool of the Department of

Neurosurgery to ascertain the blood levels of 8-azaguanine in man after the ad-

ministration of the highest tolerated dose of the drug. Daily doses above 3-5

mg./kg. were not tolerated well; these levels contrast with the doses required in

rabbits (23? mg./kg.) or mice ($0 mg./kg.) for consistent tumor inhibition. A method

was worked out for deproteini zing serum by ultrafiltration which permitted analysis

of undiluted human serum for very small amounts of 8-asaguanine by filter paper

chromatography and spectrophotometry. The accuracy of the method was sufficient to

show that the level of the drug in the blood of patients given a dose of 3 - 5

mg./kg. was negligible even a few minutes after the injection.

In another series of experiments with 8-azaguanins, carried out in collabora-

tion with Dr. Thelma Flint and Dr Margaret Murray of the Department of Surgery, it

was demonstrated that tissue cultures of the Brown-Pearce tumor, which were severely

damaged by low levels of 8-azaguanine, were devoid of appreciable azaguanine de-

aminase activity. This finding is analogous to the earlier studies with human

glioblastoma in tissue culture and further supports the correlation between suscep-

tibility of a tumor to this drug and its ability to inactivate it by enzymatic de-

amination.

A collaborative investigation of the effect of a series of other chemothera-

peutic agents on brain tumors in yiyo and in vitro is being carried out with Dr.

Margaret Murray and Mrs. Edith Peterson.

In another approach to the mechanism of action of carcinostatic agents, further

work has been done to establish the effect of various agents on the nucleic acid

content of the cells of some experimental neoplasms and of regenerating rat liver.
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It has been reported that nitrogen mustard , -when administered to rats at the begin-

ning of liver restoration induced by partial hepatectomy, does not interfere with

the synthesis of new nucleic acid but rather brings about a transitory accumulation

of both nucleic acids in the liver cells. An analogous study with cortisone in

this biological system has been completed with Dr. Stanley Einhorn . This drug acts

in a different way from nitrogen mustard, since it was shown that inhibition of the

formation of new cells during the first week of liver restoration keeps pace with

and appears to depend on the inhibition of the de novo synthesis of nucleic acids

by cortisone.

A series of experiments has been devoted to a study of the effect of cortisone

on the nucleic acid content of the cells of mammary adenocarcinoma 755 and Sarcoma

l80. The data obtained with cortisone are consistent with the idea that this agent

may inhibit both the synthesis and the utilization of nucleic acids; experiments are

in progress to define this problem further. l,It-Dimethanesulfonyloxybutane, which

by isotope measurements has been shown to have no effect on nucleic acid synthesis

(cf. Dr. J. D. Davidson) , brings about the expected accumulation of nucleic acids

in the cells of tumor 755 under the proper conditions-

A more precise definition of the locus or loci of action of various carcino-

static agents on nucleic acid metabola sm may be envisaged by a combination and cor-

relation of the "dynamic" (i.e. precursor incorporation studies) and "static" (i.e.

determination of actual nucleic acid content of cells) approaches to this problem.

In collaboration with Dr. J. D. Davidson of Delafield Hospital, preliminary experi-

ments have been carried out to evaluate the feasibility of such a joint program.

In conjunction rath Dr. John Ultmann of New York Hospital, preliminary experi-

ments were undertaken to assess the effect of x-ray therapy of chronic lymphocytic

leukemia on the nucleic acid content of the leucocytes. In two patients, a decrease

of the white blood coll count from 270,000 - 570,000 to 8,000 - 20,000 following

treatment was accompanied by a significant increase in the RNA/DNA ratio of the leu-

cocytes. The significance of this finding cannot be assessed at the present time.
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cs) Other studies -• The possible cocarcinogenic activity of tobacco tar is be-

ing studied in experiments in which the skin of mice is painted with benzene, croton

oil, or tobacco tar following a few applications of benzpyrene, an epithelial carci-

nogen. These long-term experiments are not complete enough to permit any inter-

pretation.

As part of a continuing program of biochemical characterization of normal and

neoplastic cells, a series of nucleic acid determinations were carried out on four

lines of the ascitic form of lymphosarcoma 6.C3HED, two of which were started in

these laboratories and two of which were provided by Dr. T* S. Hauschka of the

Philadelphia Institute of Cancer Research. The values for DNA/cell were consistent-

ly lower in one of the Philadelphia lines than in the three other lines ; this dif-

ference is in general agreement with data on nuclear fragmentation and lobation

obtained by Dr. Kauschka.

In addition to the biological and biochemical studies using normal and neo-

plastic mammalian tissues, microbiological systems have been employed during the

past year in other research problems.

Recent interest has been focused on phenylbutazone (Butazolidin), an antipyre-

tic, anti-inflammatory, and analgesic agent with certain physiological similarities

to cortisone. In view of a report that cortisone was able to replace the citrovorum

factor for Leuconostoc citrovorum, experiments were carried out to establish whether

phenylbutazone shared this property of cortisone. In these experiments, neither

cortisone nor phenylbutazone were able to replace citrovorum factor, but the latter

caused an inhibition of growth of the microorganisms. Experiments are in progress

to determine the mechanism of this bacteriostatic effect. These observations may

have some relevance to the known hematopoietic toxicity of the drug in man.

Most studies in neoplasia, including the ones reported here, are focused on

some aspect of the rapid proliferation of cancer cells. Another characteristic of

these cells, their relative lack of differentiation, has not been subjected to ex-

tensive experimental study, principally owing to the scarcity of adequate test
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matorials. In earlier studies, the slime mold Dictyostelium discoideum was shown

to be a suitable test organism for studies on differentiation, in view of the es-

sential separation of proliferative and morphogenetic processes in its life cycle.

As part of the collaborative experiment sponsored by the American Cancer Society

which was alluded to earlier, the effect of the series of chemotherapeutic agents

chosen for all the studies in this program is being evaluated on several stages of

differentiation and morphogenesis in this organism. This series of experiments

will serve as the first step for an attempt to elucidate the biochemical mechanisms

of differentiation in the absence of cell division and proliferation.

Dr. Emily N» Loeb and Dr. Abbie I. Knov.lton, in conjunction with Dr. Herbert

Stoerk of the Merck Institute for Therapeutic Research, have studied the effects of

several adrenal steroids on the growth of the adrenalectomizcd rat while maintained

on a sodium-restricted diet- With desoxycorticosterone acetate (DCA) a straight-

line correlation between growth and the logarithm of the dose obtained over a wide

dosage range, whereas no dose of cortisone acetate (CA) was found which encouraged

growth. With combinations of the two steroids, the growth-promoting effects of DCA

predominated until doses of CA in excess of 0.32 milligrams per day were reached.

Above this level growth was inhibited and with further increase in CA dosage actual

weight loss occurred in spite of the administration of large amounts of DCA con-

comitantly.

Another aspect of the relation of adrenal steroids to growth which has been

studied is the reported ability of the addition of liver powder in the diet to

counteract the suppressive effect of cortisone acetate upon growth. It has been

established that this beneficial effect is observed only 'Then the steroid is admin-

istered orally, and that no effect is demonstrable when the hormone is injected.

Dr. Marcel Goldenberg, together with Dr. Irving Scrlin and Mrs. Theodora

Edwards have developed a rapid chemical screening method for pheochroraocytoma. The

urinary excretion of catccholandnes in 16 cases of pheochromocytoma was correlated

with the clinical picture

.
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A method for chemical quantitation of noradrenalin and adrenalin has been de-

veloped. Together with Dr. Jan P. Hijnssen the influence of dopa decarboxylation

inhibitors on the catecholamine content of the adrenal medulla has been studied

in rats.

Medical Service of the Francis Delafield Hospital

Dr. Jack D« Davidson and Hiss Eli zabeth Freeman concluded studies on the in

vivo incorporation of radiophosphorus into the nucleic acids of human tumors ob-

tained at operation. The results were disappointing, for the lack of homogeneity

of human tumor tissue, the AEC restrictions on administering very active radioactive

phosphorus, and the unpredictable variability in time between the administration of

the tracer ion and the availability of the tissue specimen all combined to invali-

date the majority of the experiments conducted on 22 patients. The project -was far

from sterile, however, because valuable information was obtained on analytical

methods, and the technical hazards will be helpful to other investigators con-

templating comparable studies.

Dr. Davidson has developed the techniques for isolating nucleic acids from

small samples of tissue and has utilized these in dynamic studies of DM and RNA

synthesis in experimental tumors. His attention has been particularly directed to-

ward studying the effect of chemotherapeutic agents on this essential biochemical_

synthetic process. Experiments with 8-azaguanine have demonstrated that, associat-

ed with tumor inhibition, there is a significant depression of the incorporation of

P-^
1- into DNA and RKA. In a companion series of experiments with l,U-dimethanesulfo-

nyloxybutane (GT 1*1, Myleran), although the 755 mammary carcinoma was inhibited by

the drug, no change was observed in the rate of incorporation of phosphorus into the

nucleic acids. These studies are being expanded to include a large number of bio-

logically active chemical agents and also do determine the effects of these drugs

on the incorporation of other nucleic acid precursors.

In preparation for the experiments on the incorporation of glycine and formate

which will be undertaken, Dr. Davidson has done considerable work on methods for
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the separation of nucleotides. An ion-exchange technique was worked out using the

formate form of Dowox-1 rosin columns. A by-product of these studies was the de-

velopment of an automatic fraction collecting machine which cuts fractions on the

basis of their optical density to ultraviolet light.

Dr. James Holland j together with D r. ^Alex Sahagian-Edwards and Miss Ethel

Danielson, carried out a series of studies on patients with symptomatic hypercal-

cemia due to osteolytic metastases. This syndrome carries an ominous prognosis and

available therapeutic measures are often of little avail. Dr. Holland and his as-

sociates utilized the chelating agent ethylene diamine tetra acetic acid as a means

of sequestrating the excessive circulating ionic calcium. They demonstrated that

following intravenous injection it was possible to reduce the serum calcium to nor-

mal levels. Unfortunately j in hypercalcemia due to this cause additional calcium is

mobilized from the skeleton., and within hours, hypercalcemia recurs. These inves-

tigators concluded that EDTA was not therapeutically useful but their observations

added information on the biology of hypercalcemia in metastatic cancer.

Dr. Alfred Gellhorn and Dr. James Holland, with the assistance of Drs. Daniel

Choy , Charles Crandall and Arthur Snyder, evaluated the new steroid, dihydrotestoste-

rone (Androstanolone, Neodrol) in the therapy of disseminated carcinoma of the

breast. They concluded that this drug offered no significant advantages over

testosterone propionate.

Dr. Alex Sahagian-Edwards reviewed the frequency of adrenal metastases in vari-

ous neoplastic diseases. He found that approximately $0 per cent of autopsied cases

of bronchogenic carcinoma had metastases in the adrenal glands. The importance of

this observation was highlighted during the year by the demonstration of classical

Addison's disease in two patients with bronchogenic carcinoma. Dr. Sahagian-Edwards

has emphasized that this complication of bronchogenic carcinoma may become increas-

ingly significant as radiotherapeutic methods for the control of the primary tumor

are improved.

Dr. Elliott Osserman has initiated studies on paper electrophoresis of serum

proteins in patients with neoplastic disease. He has already demonstrated the value
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of the method in the diagnosis of Benco-Jones protein in the serum and urine of

patients with multiple myeloma.

Dr. Donald Tschudy has started experiments on amino acid nitrogen utilization

l£
in patients with cancer. Using N -labelled aspartic acid it mil be possible to

assess the rate of serum protein and tumor protein synthesis in selected cases.

Dr. Alfred Gellhorn and Dr. James Holland completed a clinical evaluation of

l,)4-dimethanesulfonylbxybutane (GT 1*1, Myleran) in a variety of neoplastic diseases

including carcinoma of the breast, lung, colon and pancreas, multiple myeloma, and

chronic myelogenous leukemia. Only in the latter disease was a favorable response

observed.

Dr. George Hyman , together with other members of the Medical Staff, has studied

the effect of 6-mercaptopurine in acute leukemia, multiple myeloma and reticulum cell

lymphosarcoma. It is encouraging that the drug appears to have a significant ef-

fect in the latter disease since the response to other available chemotherapeutic

agents is unsatisfactory. Acute leukemia in children also responds to the drug as

described by Burchenal (cf . also Wolff), but the course of multiple myeloma does not

seem to be modified.

Dr. George Hyman is directing a comprehensive investigation of the mechanism of

anemia in patients with neoplastic disease. During the past year he has demonstrat-

ed that in patients with disseminated epithelial tumors hemolysis is an important

mechanism of anemia. The rate of red cell destruction is comparable to that pre-

viously described by Ross in leukemia and malignant lymphoma.

The Medical Service is also engaged in collaborative projects with Urology in

the evaluation of bilateral adrenalectomy for disseminated cancer and with Gyne-

cology in the clinical trial of triethylene melamine in ovarian carcinoma.





During the past year, Dr. Irving London has continued studies in porphyrin,

cholesterol > and protein metabolism. The metabolism of hemoglobin and bile pig-

ment in potycythernia vera has been studied and has revealed a normal erythrocyte

life span of about 120 days. Investigation of the enzymatic mechanisms involved

in the synthesis of heme is being pursued with the aid of non-intact erythrocyte

systems in vitro . This work, in conjunction with Dr. Elhanan Dimant and Dr.

Nicholas B* Myant, is concerned with the effects of agents such as folic acid,

vitamin B^j various cations, and lead on the synthesis of heme. The metabolism

of cholesterol and phospholipids in a patient with xanthomatosis and hypercholes-

terolemia has been investigated in conjunction with Dr. Haiyim Schwarz . The results

of this study lend further support to the view that some patients with hypercholes-

terolemia have a relatively diminished capacity for the disposal of serum choles-

terol. In conjunction with Dr. Helen M. Ranney , studies on the capacity of various

tissues to form antibody in vitro are being continued. These studies have demon-

strated antibody formation in spleen, lung, bone marrow and liver, and further in-

vestigation of the mechanism and sites of antibody formation is in progress.
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Departraent of Neurological Surgery

Malignant brain tumors are not rare. Because of the difficulty of early diag-

nosis of these tumors and because normal brain tissue cannot be sacrificed in their

radical removal, surgical therapy offers relatively little value. Dr. J. Lawrence

Pool, Professor of Neurosurgery and Chief of the Neurosurgical Service at the Neuro-

logical Institute, has been in the forefront in the investigation of other thera-

peutic approaches to the important problem of brain tumors.

Dr. Pool and his associates have treated 2$ patients with glioblastoma multi-

forme with the guanine analog, 8-azaguanine. This drug has proved active against

these tumor cells in vitro (see Hirschberg, Murray). In the clinical trials it is

felt that some of the patients have benefited from 8-azaguanine treatment as they

are still surviving beyond the expected period. In other patients with this tumor

there appears to be no effect. Further trial of 8-azaguanine and allied compounds

is being continued using different routes of administration and larger doses.

Dr. Ernest H. Wood , together with Dr. Juan M. Taveras and Dr. J. L. Pool, has

demonstrated that glioblastoma multiforme can spread to the spinal canal where it

forms tumor nodules. In evaluation of such patients with repeated myelograms, these

investigators demonstrated that radiotherapy could produce a reduction in the tumor.

Dr. J. L. Pool and Dr. Abbie Knowlton have studied the effect of hypophysectomy

in a patient with a functional, malignant adrenal carcinoma. Although the pituitary

ablation failed to modify the course of the tumor, valuable information was obtained

on the effects of the procedure on endocrine and electrolyte balance. This may

prove to be very important in the further investigation of hypophysectomy for the

control of malignant tumor growth.

Dr. James B. Campbell has been engaged in an extensive research program on

techniques of administering radioactive gold seeds to specific parts of the brain.

This study is aimed at accurately controlled internal radiation therapy of malignant

brain tumors. The work has already shown great promise with regard to precise local-

ization of radiotherapy and the extent and changes in tissues and vessels which fol-

low.
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Dr. Thomas Bridges has continued his important clinical research program on

the neurosurgical control of pain in advanced neoplastic disease. Criteria for the

selection of patients and for the appropriate operative procedure have been better

established. This has become a significant factor in the total management of

cancer in late stages of disease-
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Department of Obstetrics and Gynecology

The cancer research in the Department of Obstetrics and Gynecology, under the

overall direction of Dr. Howard TaTrlor , is carried out on the gynecologic wards of

The Presbyterian Hospital and in the Francis Delafield Hospital and in a number of

laboratories. These laboratories include the general laboratories of the Depart-

ment on the l6th floor of the Medical School, section for steroid chemistry on the

15>th floor of the Cancer Research Institute and a series of small rooms in The

Francis Delafield Hospital.

In describing the work, it is useful to note that it falls under three princi-

pal headings. The biochemistry of the steroids and the clinical application of

methods for their measurement form one large area. Investigations depending on

morphological studies, correlated at least in part with the biochemical qualities of

neoplastic tissue, form a second area of work. Finally a number of clinical studies

are of course in progress.

Steroid Hormone Research

Technical Procedures

The laboratory of Dr. Seymour Lieberman, with his associates, has been con-

cerned with the development of new techniques for the separation, isolation and

identification of certain steroids. Certain particular fields of research should

be noted.

A technique for efficient chromatographic analysis has been developed, which

makes it possible to resolve and determine quantitatively the various ketosteroids

present in urine samples. The individual components thus isolated can be identified

by infrared spectroscopy, thus permitting a qualitative as well as quantitative

analysis. The chromatographic analysis employed involves a technique known as

"'gradient elution" wherein the concentration of the eluent is gradually and contin-

uously increased throughout the chromatogram. A communication has recently been

submitted for publication which described a general mathematical expression which

extends and simplifies the existant procedures. With these improvements it is pos-





-19-

sible to shorten the time of the chromatogram, decrease the volume of solvent nec-

essary and moreover improve the resolution of the various components » With this

technique it has been possible to identify in various urinary extracts the follow-

ing ketosteroids: l-androsten-6B-ol-17-one, pregnan-3ct-ol-20-one, dehydroisoandros-

terone, isoandrosterone, androsterone, dS -androsten~3a-ol-17-one, etiocholanolone,

ll-keto-pregnan-3a-ol-20-one, 11-keto-etiocholanolone, 11-hydroxy-androsterone,

11-hydroxy-etiocholanolone and 17-hydroxy-pregnan-3a-ol-20-one. The work on a

gradient elution chromatographic analysis is being done in particular association

with Mr . T . K Lakshmanan

.

A study of the synthesis of glucuronosides is being conducted by Dr. Sylvia

Teich with the assistance of Mr. Paul Levitan . Success has been achieved in prepar-

ing such conjugates of a variety of steroids including the hormones, testosterone

and 3-monobenzoate of estradiol-17 • The study of the water solubilities, biological

activities and methods of hydrolysis of these compounds is being continued.

Investigations into the biosynthesis of steroid hormones by means of the per-

fusion of isolated glands with C -labelled materials have been begun with Doctors

Teich and Cohen and the surgical assistance of Dr. Harold Tovell . For the practical

development of these experiments considerable time has been spent on the methods

for the recovery of the steroids from the blood, involving comparisons of the ex-

tractions obtained by various organic solvents, dialysis and adsorption on charcoal

and subsequent elution with organic solvents-

Investigations are also underway in Dr. Lieberman' s laboratory on the methods

of synthesis and the properties of steroid imidazoles, compoiinds of perhaps con-

siderable importance.

Effects of Progesterone in the Treatment of Cancer of the Cervix

A clinical study of the metabolism of progesterone and its possible therapeutic

effects when administered to patients with gynecologic cancer has also been carried

on during the last year. A number of patients, all suffering from cancer of the

cervix, were given large doses of progesterone either intramuscularly or intra-





-20-

venously. With intramuscular administration, treatment with doses of 250 mgs. daily

was continued for a period of about two months. Intravenous administration of

progesterone dissolved in human serum albumin solution permitted the rapid increase

of the blood levels of the active hormones to high levels so that the length of

treatment in cases so managed was only ten days. In spite of reports from outside

sources of considerable success in the treatment of cancer of the cervix with

progesterone, such clearcut results were not obtained in this series treated here.

In a few instances, evidence of slight improvement was present although equivocal.

There remains for final study the pathological material from a series of biopsies

taken from these patients before, during and after their courses of treatment and

also the collected and partly analyzed urine specimens, which will be used to de-

termine the urinary metabolites of progesterone when administered in such large

quantities

.

Investigation of Steroids Excreted by Adrenalectomi zed Patient

s

A clinical study of the nature and amounts of 17-ketosteroids being excreted by

gonadectomized and adrenalectomized patients is also underway in association with

Dr. William Cohen, Mr. Bert Mond , Mr. George Broussalian and Mrs. Sally Marshall .

The demonstration of any residual steroid formation after gonadectomy and adrenalec-

tomy would of course in itself be important. This study is also of value in deter-

mining the metabolites following the administration of cortisone and other steroids

to such patients without gonads or adrenals.

Adrenal Virilism from Hyperplasia or Adrenal Tumor

The work of Dr. Joseph Jailer and his associates on this subject has been an

extension of the investigation begun during previous years with a beginning of new

problems.

It has been fairly well established now that the administration of cortisone or

Compound F to patients with adrenal hyperplasia and virilism results in a fall of the

urinary 17-ketosteroids. On the other hand if an adrenal tumor is the cause of the

disease, no such fall occurs. A sufficient number of patients have been studied now
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so that it is a fairly reliable test for the differentiation of the two causes of

adrenal overactivity.

Further investigations on patients with adrenal hyperplasia together with

steroid studies performed on glands obtained at operation, have led to the theory

that there is an inborn error of steroidal metabolism in congenital adrenal viri-

lism- It is claimed that there is an enzymatic defect in the adrenal whereby the

synthesis of Compound F from one of its precursors, 17-hydroxy-progesterone, is im-

paired allowing for the secretion of the latter steroid instead of Compound F- The

17-hydroxy-progesterone is in turn degraded, presumably by the liver, to androgenic

steroids. These latter steroids are responsible for the masculinization so charac-

teristic of the disease.

The studies on adrenal virilism have led to an interest in the more benign

cases of hirsutism with and without menstrual disorders in women. A special clinic

has been set up for studying these cases and at the present time about 25 such

women are being studied. Efforts are being made on the clinical classification of

this condition and the urinary steroids are being fractionated in an attempt to

ascertain whether there are any differences from the normal. In addition, certain

ovarian and adrenal tests are being performed which "will localize the seat of the

pathology.

This work is being done in collaboration with Doctors J. J. Gold and Raymond

Van der Wiele, a Belgian Government Fellow in Obstetrics and Gynecology, who are

working in this laboratory.

Studies on Radiosensitivity

Efforts to establish the relative radiosensitivity of different examples of

cervical cancer have continued in the cytological laboratory being conducted by Dr.

Saul E. Gusberg . The object of the study is of course a practical one, since it is

hoped that it may be possible to determine those types of cervical cancer for which

surgical or radiation therapy, respectively, are best suited.

Preliminary studies in Dr. Gusberg 's laboratory had indicated that a shift oc-
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curs from active to inactive cells in a series of biopsies taken from the cervix

during a course of radiation therapy. This shift can be detected by histochemical

means and is most evident in those patients who are responding favorably to radium

or x-ray therapy.

At the present time a study of the normal cell reactions of the vaginal epi-

thelium has also been undertaken and a histochemical evaluation of the changes in

the two nucleic acids of the cells, desoxyribonucleic acid and ribonucleic acid,

which apparently accompany these morphological changes has been started. The ap-

plication of these newer techniq\ies is being started with the aid of advice from

Dr. Margaret Long .

Histochemical and Biochemical Studie s in Tumor Differentiation

In the discussion of cancer as a problem, it is generally customary to regard

this disease as a specific entity, as it occurs in any particular organ, differing

in kind both from the normal tissues and benign tumors of the given tissues. It is

also possible, however, to regard malignancy as a quality, present to a varying

extent in the different individual examples of tumors of some special organ.

Particularly in the adenocarcinomas of the ovary and the endometrium, there ap-

pears to be an unbroken series of transitional forms, from the stage of benign tu-

mor or hyperplasia, through types of borderline malignancy, to the fully developed

metastasizing cancers. The basic plan of the present research project is to try

to determine underlying histochemical, cytological or biochemical characteristics

which correspond to this series of forms in which the quality of malignancy is

manifested to a varying degree.

The initial phase of this study is the collection of cases of ovarian carcino-

ma and carcinoma of the endometrium and their histological grading based on multiple

sections stained with the classical hematoxylin-eosin techniques. A total of 17

gynecological tumors have so been studied, the majority adenocarcinomas of the

ovary. As a first step, multiple sections from various parts of the tumor, varying

in number from 5 to 1$, were separately studied to determine the consistency of tu-
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mor structure in different areas. Although some exceptions were to be noted, the

degree of consistency seemed to be very high. Sections were then examined by spe-

cial tissue reactions for desoxyribonucleic acid, ribonucleic acid, alkaline phos-

phatase, glycogen and various lipids. Some evidence of a correlation between de-

gree of malignancy and quantity of nucleolar ribonucleic acid has been an initial

observation.

As a second phase of this correlated study, larger quantities of the same tu-

mors have been sent to Dr. D. V. N« Reddy in the Delafield Hospital laboratories

where biochemical determinations are being made of the concentrations of nucleic

acids and their hydrolytic products. Particular attention is being given the study

of cell particulates and the finer composition of the two types of nucleic acids in

various cell fractions.

Experiments are also in progress to study the enzymes, succinic dehydrogenase,

ribonuclease, desoxyribonuclease, d-amino acid oxidase, xanthine oxidase and trans-

aminase. Studies of the B-vitamins (B-l, B-2, and B-6) are also being set up for

the purpose of correlating vitamin content and the en2ymatic action of these tis-

sues of varying degrees of malignancy. A study of the amino acids in this tumor

material is also projected.

As a third phase of this study of ovarian and endometrial cancer of various

grades, Dr. Helena de Roetth is examining particular metabolic processes in ovarian

tumors of different grades. Chemical determinations of the lactic acid production

of all tumors, under identical conditions, is being carried out as a result of the

known enhancement of lactic acid production in neoplastic tissue. The activity of

certain enzymes such as hexokinase will also be studied since this enzyme is impor-

tant because of its responsibility for the incorporation of sugars in the glycolytic

cycle and because of the observations that in neoplastic tissues the marked increase

in the utilization of sugars which might mean an increased activity of this particu-

lar enzyme system. The use of C -labelled intermediates, such as glucose, pyruvate

and acetate, will be used to elucidate, if possible, metabolic pathways and relative
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oxidation rates in the various grades of tumors. Also planned is an electrophoretic

study of the soluble proteins of these ovarian and uterine tumors.

Finally, material from these tumors is being sent for independent study of cel-

lular behavior by Dr. M. J- Kopac and his associates in the Biological Laboratory of

New York University College of Medicine. In that laboratory, the tumors will be

studied on the basis of single cells, particular attention being given to the cell

constituents after they have been layered in the cell by differential centrifugation;

the growth characteristics of ovarian cancer cells, in tissue culture, obtained from

the ascitic fluid from the peritoneal cavities of patients with advanced ovarian

cancer will be studied.

The Transplantation of Human Ovarian Tumors

Dr. Harold Tovell has studied the biological activity of 1$ human ovarian tu-

mors with respect to their ability to survive, grow and differentiate in alien spe-

cies. Special attention has been given to the transplantability of ovarian tumors

into the anterior chamber of the guinea pig eye.

Heterologous transplantation studies have been successfully carried out with a

number of varieties of malignant tumor and certain theories have been evolved regard-

ing the characteristics of malignant tissue in general. Some of these theories re-

main to be tested when applied to specific malignancies such as those seen in human

ovarian tumors. Dr. Tovell'

s

results obtained to date, based on a small number of

cases, suggest that previous concepts are only partially tenable.

Further studies are in progress employing slightly different techniques which

promise favorable results. Eventually it is planned to employ heterologously trans-

planted human ovarian, cervical, and endometrial tumors for cytological and biochemi-

cal studies. It will be noted that such techniques for the study of human malignan-

cies have only been recently made available for practical purposes and may open an

important new field in gynecology.

Miscellaneous Pathological Studies

A number of clinical-pathological studies have been in progress and a number of
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publications have resulted from this type of work in the department during the last

year.

Dr. Harold Speert has studied the patterns of endometrial change preceding the

development of endometrial carcinoma, by collecting with considerable effort speci-

mens of endometrial biopsy or currettings obtained at some date prior to the ap-

pearance of the carcinoma. In order to examine the current hypothesis concerning

the relation of estrogen stimulation of cervical cancer, Dr. Speert has also studied

the endometrium in 13k cases of cervical cancer. Since the endometrium affords a

reliable measure of estrogen activity and since no specific type of endometrium was

found in association with carcinoma of the cervix, it is believed that there is

little reason to assume an immediate estrogenic factor in the etiology of cervical

cancer.

On account of the new clinical problem presented to the gynecologists by the

recognition of the so-called intra-epithelial carcinoma of the cervix, Dr. Earl T »

Engle has become impressed with the importance of perfecting techniques for the in-

vestigation of the basement membrane. Yfork has been begun toward the development

of methods for demonstrating the basement membrane and for the hyaluronic acid-

sulphydryl in the ground substance.

Dr. Saul B. Gusberg, with Dr. David Moore , has continued his study of the life

history of cervical cancer and has completed a report demonstrating the pathological

course of this disease, beginning with intra-epithelial cancer and showing the var-

ious methods and stages of dissemination and metastasis.

Dr. Equinn Munnell and Dr. Ferdinand Flick are studying the histology of the

endometrium in cases of abnormal uterine bleeding unassociated with obvious gross

pathology.

Clinical Studies in the Cancer Field

An interesting technique for the refinement of diagnosis in pelvic cancer is

being developed by Dr. Salim J. Dalali in association with Dr. Arnold Bachman. The

technique is the use of what has been called the "pelvic venogram", produced by the
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injection of a radio-opaque medium into the veins of the lower extremity , to demon-

strate the venous system of the pelvis. The method is of use, it is believed, in

differentiating edema of the lower extremities due to lymphatic obstruction from

that due to venous obstruction and for indicating the point of bifurcation of the

common iliac veins, "Point C'% the area where involved pelvic lymph nodes are most

frequently found and a point toward which the x-ray beam should be directed in

therapy. The method has incidentally demonstrated the communication between the

pelvic venous system and the lumbar vertebral system of veins.

Clinical reports have been published by Dr. J. C orscaden , Dr. S^. Gusberg and

his associates on the use of radium needles in treatment of cancer of the cervix

and on the general subject of treatment of cancer of the endometrium.

A rather special area of study has been the investigation by Dr. Byron Butler

of the possible use of hypnotism for the control of pain in cases of advanced can-

cer. This work has been completed and has led to the acceptance of a paper for

publication.

A general plan for the combined radiation and surgical treatment of cancer of

the female reproductive tract in the Presbyterian Hopsital and in the Francis Dela-

field Hospital continues. This plan was arrived at in November of 1951 as a result

of a series of conferences between the radiotherapists and gynecologists of the two

hospitals. The plan has been completely reviewed by a similar group during the last

few weeks and the revised formulation will be put into effect to give consistency

to the theory of treatment of the two institutions. The plan to date appears to

have worked well and it is believed will yield information which could not be ob-

tained if random decisions were made for each new individual case.
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Department of Pathology

Studies on cancer have been carried out by the Department of Pathology, under

the auspices of the Institute of Cancer Research, both at the Francis Delafield

Hospital and in the Medical School building itself. The latter program has been

carried out by Dr. Theodore F. Zucker and Dr. Lois M. Zucker of the Division of

Clinical Pathology. They have continued their studies on the "toxicity" of acetyl-

aminofluorene (AAF), one of the compounds commonly employed to produce cancer ex-

perimentally in animals. These toxic effects include, among other things, an inhi-

bition of body growth. If the toxic effects of this compound can be minimized, it

will be possible to study cancer production in animals which are otherwise growing

at a normal rate. As reported already, these workers have found that certain natu-

ral foodstuffs contain factors which counteract these toxic effects. They do this

without destroying the ability of the compound (AAF; to produce cancer. Current

work shows that this "counter-toxic" factor is readily inactivated whenever efforts

are made to isolate it from natural sources. Nevertheless, methods have been found

which permit a 5>0-fold increase in the potency of preparations. The time may not be

far distant vjhen the compound will be available in sufficiently pure form to permit

clinical and metabolic studies to be made.

The program at the Francis Delafield Hospital has been carried out under the

direction of Drs. A. P. Stout and Edith Sproul .

Since January 195>3 a laboratory for special histochemical studies has been

under development by Mr. Martin Elutinger and Dr. Edith Sproul. This is being used

both for diagnostic services beyond ordinary techniques as well as for a research

program. Trial of new materials and techniques and improvement of apparatus have

led to the satisfactory use of methyl green pyronine for differential staining of

RNA and DNA. This finds its greatest use in identifying myeloma cells in tissues.

A study of bone marrow and lymph nodes is being conducted.

Histochemical demonstration of alkaline and acid phosphatase is now deemed ad-

equate as an aid in differentiation of carcinoma of the prostate from that of other
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organs. The acid phosphatase secretion of breast cancers is being investigated.

The histochemical and manometric measurement of succinic dehydrogenase activity

is being used by Dr. Edith Sproul , Mr. Martin Bluting er and Dr. Walter Menaker as a

check on in vivo inhibition of the enzyme. Progressive experiments are being car-

ried out to determine the maximum degree of chronic inhibition that can be obtained

without lethal effect. The tissues are being studied for cytologic alteration and

growth pattern. This is the first step in a program of study of the effect of in-

hibition of various components of respiratory systems on morphologic character,

growth and isolated cell constituents of all organs.

An autopsy survey for the incidence of occult carcinoma in the skeleton is be-

ing conducted by all the members of the Pathology and Radiology staff. The data ob-

tained by the interpretation of post-mortem x-rays and extensive sectioning of the

skeleton is being organized for publication.

A search for occult carcinoma of the skeleton has been made by Dr. George Hyman

using the ITright's stained smears of aspirated marrow. This is in collaboration

with Dr. Edith Sproul and Dr. Thomas Petrick , who are studying the paraffin embedded

aspirate using a variety of stains as well as application of other stains to the

smears.

Further work in the hematology laboratory by Dr. George Hyman to date has cen-

tered about routine laboratory tests for measurement of hemolysis and supplemented

by the Ashby technique of following transfused red cells. At present it seems that

hemolysis is an important factor in the anemia associated with cancer. Another,

program has employed a scintillation counter, the radioactive isotope iron, Fe ,

and factor 17-1 (of Cohn), the iron binding globulin. These studies with intra-

venous iron have yielded many interesting facts, among which one of the more impor-

tant is probable demonstration of normal red cell production in the anemia which oc-

curs in neoplastic disease.

Orientation experiments have been started on tissue culture of mouse milk

breast cancer virus using embryonic mouse tissue. The technique of Enders is being

followed by Mrs. Lucille Seguin with Dr. Samuel Graff.
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Mr. Robert Butler , working tinder the guidance of Dr. Edith Sproul , has been

growing squamous epithelium and epidermoid carcinomas in tissue culture and studying

their ability to convert 1-ascorbic acid to d-glucose.

Clearing and dissection of radical resections and areas of the body at autopsy

has been continued by the Pathology staff. This has as its purpose the expansion of

our knowledge of variations in lymph node pattern and the establishment of a greater

degree of accuracy in demonstration of existing metastases. This has been especial-

ly useful for observation by Dr. George Montgomery of the Gynecology Department,

working under the supervision of the Pathology Department, of the pelvic lymph node

metastases- which had received prior radiation.

In association with Dr . Austin Kutscher and Dr. John Piro of the Dental Depart-

ment, the possible toxic effect on the gum of many drugs used as local anesthetics

or antibiotics is being studied. The study of the effect of efocainc on the soft

tissues has been completed and accepted for publication. Its effect on nerves is be-

ing studied by dissection of the mandibular nerves at autopsy on patients who had

received the drug. In addition, various means of obtaining material from the gum for

histologic study other than by biopsy are being followed. These include gelfoam,

needle aspiration, gauze sponging and imprints. The gelfoam "biopsy" study has been

completed

.

The detection by frozen section of open perineal biopsy and the incidence at

autopsy of occult carcinoma of the prostate is being continued by the entire Pathol-

ogy staff in conjunction with the Department of Urology.

A study of the diffuse changes in the lungs detected at autopsy on patients dy-

ing in severe respiratory failure associated with certain types of obstruction of

pulmonary lymphatics is being made by Dr. Edith Sproul .

Juvenile fibromatosis is a process which affects infants and young children

either as a solitary nodule, as multiple nodules, as a progressive growth or as a

generalized process. It has been called by many different names, a fact which has

militated against its proper understanding. Using 38 cases at his disposal, Dr.

A. P. Stout is studying the process as a whole in an attempt to determine its rela-
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tionship, if any, to fibrosarcoma and progressive myositis ossificans and to evalu-

ate different forms of treatment.

The recognition of benign pigmentation of the cornea and conjunctiva and its

distinction from malignant melanosis and melanoma is a matter of great importance

from the point of view of diagnosis and treatment. Using the large collection of

about 120 cases accumulated by Dr. A. B» Reese at the Institute of Ophthalmology of

this Medical Center, Dr. Reese and Dr. Stout are attempting to establish reliable

criteria for the above purpose.

Pain and limitation of motion in the pelvic and spinal joints has been assumed

^y ?r * C* M. Gratz to be due to obliteration of adjacent tissue spaces by fibrosis

thus limiting joint motion without any ankylosis of the joints themselves. Dr .

Stout is attempting to assist Dr. Gratz to demonstrate this point by a study of the

extraarticular soft tissues.

Occasionally a tumor-like proliferation of connective tissue occurs, usually

but not always as a result of irradiation, in which the cells assume the bizarre

anaplastic appearance of malignant sarcomas without being true neoplasms. Very

little is known and less understood about this process. A group of such cases is

being studied by Drs. Nathan Lane and Stout.

The peculiar tumor of the breast called cystosarcoma phyllides is one which oc-

casions speculation about the form of treatment proper to be used because reliable

criteria enabling one to distinguish between its benign and malignant forms do not

exist. The available cases are being studied by Drs. Jane Lester and Stout in an

attempt to elucidate this matter.

Benign and malignant tumors of the salivary and mucous and serous glands have

been the object of intensive study by a great many groups but with little progress

until recently. The material at this Medical Center has been intensively studied

hy Drs. David Stump and Stout with the special objects of learning how many mixed

tumors become malignant, the biological course of the different types of salivary

gland cancers and the course and behavior of lymphoid infiltrations of the salivary

glands

.
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In addition to the reticulum cell lymphosarcomas, it has become apparent that

reticulum cell sarcomas can develop in the soft tissues away from normal lymphoid

stations. Presumably these develop from histiocytes. Their existence has been

heretofore recognized in bone marrow but not in the soft tissues. A group of such

cases is being studied by Drs. R. Lattes , R« R. Milch and Stout

A rare and extraordinary lesion occurs which causes gradual disappearance of

one or more bones. Apparently this is due to a peculiar form either of hemangio-

matosis or lymphangiomatosis. A global study of this condition is being conducted

by Dr. L. ¥• Gorham of the Public Health Research Institute of the City of New York 5

Professor Wright of Albany Medical School, and D r. Stout .

Although malignant melanoma has been the subject of innumerable studies, the

exact degree of malignancy of its various morphological types is still a matter of

conjecture. In collaboration with Dr. R. Lattes this feature is being studied by

Dr. Stout in the hope of obtaining a more reliable guide to lymph node therapy.

In collaboration with Drs. B» S. and E. T. Gppenheimer , Dr. Stout is continuing

the investigation of the various types of plastic films which will induce sarcomas

in certain rodents. An attempt to find the nature of the carcinogenic agent in the

various plastics is now in progress.

Dr. C. D. Haagensen and Dr. Stout are continuing their studies of various

breast lesions, in particular they are concerned at present with the papillary car-

cinomas of the breast and their possible relationship with benign intraductal papil-

lomas.

Cured cases of reticulum cell sarcoma of the spleen are exceedingly rare. A

report of a ten-year survival is being prepared for publication by Dr. John Powers

of the Mary Imogene Bassett Hospital, Cooperstown, N.Y., and Dr. Stout .

True adenomas of the oral cavity are very rare. A study of the nature and oc-

currence of such growths has been undertaken by Drs. M. Heinemann and Stout.
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Department of Pediatrics

During the year 1952-53 the Department of Pediatrics, under the direction of

Dr. James A. Yfolff , has continued its investigations of chemotherapeutic agents in

childhood leukemia.

From July, 1952 to the end of March, 1953 > investigations have been limited by

a scarcity of clinical material. During this period 6 patients with acute leukemia

were treated with anti-folic compounds, particularly amethopterin . In several of

these cortisone therapy was also given when response to the anti-folic compound was'

not or no longer obtained. In several, leucovorin was given to reverse amethopterin

toxicity. Although good remissions were obtained in 50 per cent of patients, all

these children are now dead.

At the end of March, 1953, 6-mercaptopurine (purinethiol) became available for

trial as a chemotherapeutic agent in acute childhood leukemia. Since that time

clinical material has been more plentiful. To date 11 children with acute leukemia

have been treated with 6-mercaptopurine. The results have been encouraging and ap-

pear to equal those with any of the other agents which have been employed in the

past. Six patients have had clinical and hematologic remission. In 2 others clin-

ical remissions have occurred. One patient suffered severe bone marrow depression,

necessitating discontinuance of the drug. One patient was treated in a terminal

state, and one patient has had insufficient follow-up for evaluation. All but one

of these patients are now alive.

Because of the encouraging results with 6-mercaptopurine, it is planned to

continue these studies further.
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Department of Radiology

A. Presbyterian Hospital

Portal venographic studies are being made by Dr. Alfred Berne , through injec-

tion into the spleen to demonstrate metastatic neoplasm of the liver, retroperitone-

al disease and to study portal hypertension.

Dr. Samuel Madell is making a study of cases -with total colectomies and ileo-

sigmoidostomies as regards compensatory dilatation of the terminal ileum following

colectomy.

Dr. Jerome Nadelhaft continues his work on the evaluation of the effect of

radiotherapy on salivary gland tumors in a collaborative study with Dr. Arthur Purdy

Stout .

A study of the practical adaptation of graphics in localizing radium implants

is being carried out by Dr. Morton Kligerman and Prof. Howard 1Y. Vreeland , School of

Engineering, Columbia University.

The use of Dramamine and Pyridoxine in radiation sickness in a clinically con-

trolled experiment has been initiated by Dr. M. Kligerman , Dr. Anna Silverman and

Dr. John Fertig , Professor of Biostatics of the School of Public Health.

Dr. Juan Tavera_s and Dr. Gerhart Schwarz are working on a new type of stylet

which would enable them to aspirate pantopaque after myelography with greater ease.

Dr. Catherine Dalton and Dr . Solomon Schwartz are studying the anatomy of the

paravertebral shadow in the thoracic region and the causes of variations therein.

They have concluded that these variations are caused by posterior pleural reflec-

tions.

Dr. Virginia K. Frantz of Surgical Pathology and Dr. M. Kligerman have under-

taken a study of carcinogenesis in the thyroid of the Long-Evans rat from internal

(radioactive iodine) and external radiation.

Dr. Gerhart Schwarz has been working on the design for a slide rule for the

correction of anatomical measurements in roentgen cephalopelvimetry. This is at

present being manufactured and will be distributed by Picker X-ray Corp. in the fall.
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Dr. Ross Golden , in collaboration with Dr. Pablo L» Morales, has made a study

of 199 cases of organic disease of the small intestine with particular attention to

the various malignant diseases to determine the efficacy of x-ray examination in the

diagnosis of these diseases. It was found that in approximately 90 per cent of the

cases examined by x-ray methods, an abnormality was demonstrated.

Dr . Kent Ellis is studying the pattern of mucosal folds on resected stomach

specimens, comparing them with the folds as demonstrated on x-ray examination of

the stomach done pre-operatively. The objective is to study the effect of carcino-

mas and of inflammatory disease on the mucous membrane as it concerns the problem

of differential diagnosis.

B. Francis Delafield Hospital

I. Radiotherapy

Report of clinical activities - A total of 3JU3 patients were treated by

roentgen therapy from July 1, 1952 to June 1$> 1953* The number of patients treated

with 2 million volt x-rays was b.9h s and 3h9 were treated with 250 KV or lower volt-

ages. This represents an increase of 291 patients over the S$2 patients treated

during a similar period in the preceding year. Besides the 8U3 patients treated by

x-rays 22 were treated by radium. The cancer in the majority of the patients re-

ferred for radiotherapy is so extensive that only palliative radiation doses seem

justified in most.

In addition to the treatment with x-rays 1j.1S> patients were examined for follow-

up or were seen in consultation.

Joint new patient and follow-up clinics have been continued with the Depart-

ments of Gynecology and Surgery. The treatment of cancer of the bladder with 2 mil-

lion volt therapy has been continued as a research project with the Genitourinary

Service

•

Report of experimental work - Radiation of liver metastasis, as a clinical

research problem, has been continued by Dr. Ruth Guttmann in collaboration with mem-

bers of the Medical Department.

Standardization of radiation doses administered to pelvic lymph nodes in gyne-
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cological cancer has been attempted. Some of this work has been done in collabora-

tion -with venographic studies by Dr. S» Dalali of the resident staff of the Gyneco-

logical Department.

Dr. Emanuel Tulsky , Dr. Guttmann and Dr. II. Ignz have continued studies of the

effects of 2 million volt x-ray therapy on carcinoma of the lung.

D r. Tulsky has made special studies on the x-ray dosage applied to the internal

mammary lymph nodes with 2^0 KV and 2 million volt x-ray therapy.

Dr. Anna Goldfeder has continued her studies on the minimal lethal x-ray tumor

dose required by various autogenous mammary adenocarcinomas. She has also continued

to study the time factor in fractionated radiotherapy.

Drs. R. Deterling and E« Tulsky have started an investigation on the possibili-

ties of sterilising, by x-ray therapy, segments of aortic tissue removed post-

mortem. These aortae are to be used as homografts.

II. Diagnostic Radiology

Under the direction of Dr. Arnold Bachman the extension of angiography

and venography for the localization of tumors in various parts of the body has been

developed. Particularly revealing have been the bilateral transcutaneous femoral

vein venograms carried out in collaboration with the Gynecology Service. Using this

technique the normal pelvic vein pattern and the changes in patients with pelvic tu-

mors have been studied. It has been intensely interesting to observe the vascular

connections between the pelvis and the venous plexuses of the vertebral column which

are demonstrable by this technique.

Tomographic studies of the base of the skull have continued with demonstration

of tumor extension not recognizable by conventional x-ray films. The tomographic

technique has also proved valuable in studies of the larynx in patients with uni-

lateral cord paralysis.

Routine and tomographic roentgenograms of the dorso-lumbar spine have been made

post-mortem on cases immediately prior to necropsy. The spines of these cases have

been removed and carefully studied by the Pathology Service. A report of the cor-

relations between x-ray and pathological findings is in preparation.





-36-

C. Radiological Research Laboratory

The work of the Radiological Research Laboratory nay be considered in three

broad categories, basic radiophysics as related to the measurement of radiant ener-

gy, basic radiobiology, and clinical applications. In the 1951-52 report, the fun-

damental considerations underlying the radlophysical and radiobiological studies

were outlined] these continue to be governing principles for selection and develop-

ment of research problems. Of the various subjects under investigation during the

past year, those mentioned below have been selected as having more immediate bear-

ing on cancer research.

Physics

Dr. G. Failla and Dr. H. H. Rossi , with a group of research associates, have

concentrated on measurement of radiation dosage. For neutron measurements, ioniza-

tion chambers have been constructed of tissue-equivalent solid, containing tissue-

equivalent gas. That is, the entire chamber has the atomic constitution of average

soft tissue. SUch chambers are not necessary for x-rays, but they are essential for

neutrons. An extension of this work, carried out in collaboration with Dr. E »

Stickley , has been the measurement of tissue dose in brain tumors which have been

impregnated with boron and irradiated with slow neutrons in the nuclear pile at

Brookhaven.

_Determination of dosage from radioactive isotopes distributed in tissues be-

comes increasingly important. _ First approaches to these problems assume homogeneous

distribution throughout masses of tissue, but actually this situation rarely if ever

exists. Not only is distribution varied from one organ to another, but from cell to

cell, and even in different parts of a single cell. Dr. Failla and Miss Patricia

McClement have developed a wall-less ionization chamber directly applicable to a de-

tailed study of dosage in small localized regions, but only a few results are as yet

available

.

Other problems in basic radiophysics, instrument design and development are

also being carried forward.
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Biology

Dr. Roberts Rugh and his group have studied histopathological phenomena in acute

and delayed radiation death. The effect of irradiation in utero on fertility, organ

development, and growth have been investigated both with x-rays and radioactive

iodine

.

Dr. Ludwig von Sallmann has continued his work with radiation cataracts. With

the cooperation of Drs. C. A. Tobias and H. 0. Anger, of the Dormer Laboratory of

Medical Physics of the University of California, studies were extended to high en-

ergy deuterons and alpha particles.

Many investigators have tried to find means for protecting against the effects

of radiation. Some time ago Jacobson (at the University of Chicago) showed that if

the spleen was shielded the effects of whole body irradiation were markedly dimin-

ished. It appeared of interest to reverse this procedure, that is, shield the whole

body and irradiate only the exteriorized spleen. Ti/hen this was done by Mr. Bruce

Allen , the result was found to be the development of a profound anemia in rabbits

whose exteriorized spleens received 1600 r. This suggests many leads in the study

of the mechanism of production of radiation anemia, effects of transfusion, effects

of other protective agents, etc.

Radioactive Isotopes

The Radioisotope Laboratory, under the supervision of Dr_. Edith Quimby , oper-

ates as a receiving, standardizing, and dispensing center for all isotopes used

clinically in the Presbyterian Hospital. In addition, the laboratory personnel as-

sist in setting up various isotope research programs throughout the institution.

Therapy with radioactive isotope s - Radioactive iodine continues to be used

in treatment of some thyroid cancers as described in last year's report. There are

no new developments to report in this program under the leadership of Dr. Virginia

Frantz, nor in the use of radioactive phosphorus in leukemia and polycythemia, under

Dr. Harold Jacox and Dr. M. Kligerman. The use of radioactive colloidal gold in

treatment of pleural effusion or ascites due to carcinomatosis, with Dr. M .

Kligerman and Dr. David Habif , has afforded some remarkable instances of palliation-
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This work was reported at the 1952 meeting of the American Radium Society. No new

therapeutic procedures have been developed. (Treatment of hyperthyroidism with ra-

dioactive iodine continues to be important, but this is not part of the cancer

program.

)

Diagnostic and tracer studies with radioactive isotopes - Radioautograph

studies for thyroid cancer cases continue to be made as described last year; some

new techniques have been developed. Studies of blood volume, sodium space, and car-

diac output are applied to cancer and other patients; these were developed mainly in

the Department of Surgery. In collaboration with Dr . James Austen , studies have been

started on protein turnover in cerebrospinal fluid, the tracer being human serum

albumen labelled with radioactive iodine-

Radium and X-ray Physic s

Dr. Edith Quimby has investigated problems connected with radiation dosimetry.

The work commenced last year on modifications of radium dosage systems has been com-

pleted and a paper accepted for publication.

Studies on dosage determinations in rotation therapy have been continued. The

method for calculation when the patient, sitting or standing, turns in a horizontal

beam, has been greatly simplified. TJhen the recumbent patient rotates in an oblique

beam, the problem is much more complicated. Methods of calculation were worked out,

and to check these a rotating phantom was constructed and a Baldwin-Farmer electrom-

eter secured, equipped with a number of very small ionization chambers. With these,

dosage could be measured at a number of points under conditions simulating actual

treatment. Good agreement was obtained between calculated and measured values. It

now appears that calculation methods in this type of treatment can also be considera-

bly simplified, but this study is continuing.

As an adjunct to the work with this second type of rotation, studies were begun

on the use of wedge filters to produce more uniform distribution of radiation in the

tissue when oblique beams are used. Much remains to be done on this problem.

For any accurate dosage determinations in x-ray therapy it is necessary to have

isodose charts, showing the complete distribution of radiation in the beam as it
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passes through tissue. Construction of such charts is based on ionization measure-

ments in phantoms and is a laborious and time-consuming procedure. Methods have been

devised in Britain for developing such charts by calculation, when the doses along

the axis of the beam have been measured. A project has been commenced to supply the

necessary basic data (much of it is already available) to recalculate the tables

from which the constants for calculation are drawn, simplify as much as possible the

application of the formulae, and make the method available in the United States,

where at present it is little appreciated or understood. Considerable work has been

done on this, but much more remains to be done.

An important part of determination of dosage in interstitial radium therapy,

and perhaps the most difficult, is the correct localization of the radium sources

with reference to anatomical points of interest. This is done with the aid of

radiographs taken in two fixed positions. Several methods are available, all have

limitations and are time-consuming. Dr. Howard Vreeland of the Department of En-

gineering of Columbia University, has been working on this problem. He has devised

a method believed to be simpler and quicker than any others currently available.
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Department of Surgery

Dr. Margaret Murray has directed a number of collaborative projects in which

tissue culture techniques of the Laboratory of Cell Physiology have been employed.

In collaboration with Drs. A. P. Stout and R. Lattes, Drs. Thelma Flint and

Murray have continued the long-standing work of the laboratory in culturing rare or

disputed human neoplasms, accumulating information on their form and behavior in

vitro, as an aid in classification and diagnosis.

With Dr. Erich Hirschberg, Mrs. Edith Peterson and Dr. Flint have prosecuted

chemotherapeutic studies of human glioblastomas and of the Brown-Pearce rabbit car-

cinoma. The Brown-Pearce tumor, which in common with the human glioblastoma lacks

azaguanine deaminase, has been shown, like the human tumor, to be severely damaged

in vitro by 8-azaguanine. A structurally related compound, benzimidazole, is much

less effective^ the unrelated aliphatic compound 1, lt-dimethanesulfonyloxybutane

(Haddow's GT kl) is ineffective on this tissue. On the human glioblastoma, benzimi-

dazole is also less effective than 8-azaguaninej and two other newly synthesized re-

lated compounds, benzotriazole and 2-hydroxymethylbenzimidazole, have been found in-

effective. Screening of other potentially inhibitory compounds upon the human

glioblastoma is under ivay.

In a study with Dr. E. Chargaff on the mechanism of action of mitotic poisons,

Mrs. Helena Benitez has underlined the remarkably specific effect of meso-inositol in

reversing the action of colchicine- It is now demonstrated that neither the dextro-

isomer, nor muco-inositol nor lipositol will produce this inhibitory effect. She

has also shown that a simple heptane ring-compound, tropolone, favors the formation

of the spindle and Is a more potent aritagonist of colchicine than meso-inositol.

This latter finding is of especial interest because of the structural-analog rela-

tionship between colchicine and tropolone.

Dr. Virginia Kneeland Frantz has continued the study of thyroid cancer, with

more detailed study of specimens from radical dissections, in an effort to document

routes of spread of the disease, and with more numerous sections to establish pos-

sible histological variations in primary tumors and their metastases. These obser-





vations have been supplemented by I-^l studies - uptake, radio-autographic and

screening, - in collaboration with the clinicians and members of the Department of

Radiological Research. The Friday noon conferences on Thyroid Cancer have been held

regularly with the assistance of the surgical resident assigned to Surgical Patholo-

gy. Experimental work is in progress in collaboration with Dr. Morton M. Kligerman

and Dr. Edith Quimby . This is a study of carcinogenesis in the thyroid of the Long-

Evans rat from internal and external radiation.

Critical evaluation of follow-up data on benign and malignant tumors of the pan-

creas, both exocrine and endocrine, is in progress and will shortly be published.

In the laboratories of Surgical Pathology, Dr. John Pickren has continued his

research on the incidence and topographic distribution of lymph node metastases from

carcinoma of the breast. This study is carried out by the method of clearing tis-

sues from block dissections with serial sections of nodes in selected instances. The

information thus far obtained from 200 cases has added valuable insight into the

spread of cancer of the breast.

Dr. Robert Grinnell has continued his research on the distribution of metastases

from carcinoma of the rectum and colon and on the intramural downward spread of car-

cinoma of the rectum. These studies have provided significant information to the

plan of radical surgery of cancer of tjie bowel.

Dr. David Stump and Dr. A. P. Stout have almost completed a clinico-pathological

study of 700 neoplasms of the salivary gland. These tumors have wide variation in

their natural history, morphology and response to therapy.

Dr. Gabriel Godman has organized a Laboratory of Histochemical Research which

will be widely used in cooperative interdepartmental research. Since its establish-

ment work has been initiated on the histochemistry of regenerating striated muscle

and on spectromicrophotometric analyses of nucleic acids in individual cells.

Dr. Cushman D. Haagensen , together with Drs. Michael Heidelberger , Elliott

Middleton , Daniel Moore , Leon Dmochowski and Samuel Graff have continued the basic

research program on mouse mammary carcinoma. The animal conony which provides the





material for the research includes about 13*700 mice of the Paris R III, Leeds and

C57 strains.

During the past year a total of 5*230 litters, including 28,020 mice, have been

raised in the colony. A total of 5,10h cc. of milk has been obtained from a total of

3,782 lactating female mice.

As in the past, the environmental conditions of the colony have been kept

constant.

The bulk of Paris R III milk has been used by Dr. Samuel Graff to prepare anti-

gens for immunological studies by Dr. Michael Heidelberger . These preparations were

of two types, unaltered material prepared by ion-exchange, chymotrypsin, hydrolysis,

and differential centrifugation, and a formalinized antigen prepared by contacting.;

the above product with dilute formalin solutions over a period of time. The forma-

lin preparations were employed in the mouse immunization studies which were carried

on by Drs. Heidelberger and Middleton .

Quantitative precipitin curves have been plotted for the reaction between puri-

fied mouse milk factor (F), furnished by Dr. Graff, and antibodies produced in rabbits.

Two different pools of antisera were used. The one pool so tested gave closely sim-

ilar curves with preparations of F made by two different methods. The course of the

reactions is similar to those of other antigens of high molecular weight, since the

specific precipitate contains more antigen than antibody over much of the range of

the reaction. With the larger amounts of F, supernates from the specific precipi-

tates give reactions with both F and antibody, indicating either degradation or in-

homogeneity of F.

One use for curves of total nitrogen precipitated is to permit an assay of

mouse milk for its content of F. Two such runs with decalcified (clarified) Paris

strain milk indicated a content of the order of it-Oug F nitrogen per ml., or nearly

0.3 mg. F protein per ml: This is probably not a valid result, and the analysis must

be repeated after the curve is obtained for sera absorbed with milk protein.

The curves are also used for estimating the purity, on a comparative basis with
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F of the present degree of purity, of F isolated from different sources and by dif-

ferent methods. For instance, various samples of F prepared electrophoretically by

Dr. Dan H. MOore from mouse breast tumor tissue showed an estimated F content of 19

to l|.2 per cent.

The mouse milk factor is known to stimulate the production of neutralising,

precipitating, and complement-fixing antibodies in rabbits. The limited cross-

reactivity of antibodies to the milk factor with other proteins occurring in the

milk of mice of a strain which does not carry the factor, as vrell as with tissue ex-

tracts from factor-free mice, thus far indicates that the milk factor may possess an

immunological specificity not present in normal mouse tissues. However, only nega-

tive attempts to demonstrate antibodies to F in mice have been reported. Efforts to

obtain antibodies in mice were undertaken with formalinized milk factor suspended in

Freund adjuvants since this procedure is known to enhance antibody formation.

It was concluded that injection of formalinized milk factor in adjuvants into

Paris mice did not stimulate formation of measurable quantities of precipitable anti-

body. The results in c57 mice were more hopeful, but due to some uncertainties the

work is being repeated.

Following the direct analysis for precipitable antibody each serum was examined

for non-precipitable antibody. In these tests it was uniformly found that the pres-

ence of Paris mouse serum reduced the total amount of precipitable N to approximately

$0 to 75> per cent of that shown by control tests without mouse serum. In attempts

to explain this effect it was found that normal mouse serum of both strains partial-

ly inhibited not only the specific precipitation of milk factor by rabbit antibody,

but also the reaction of rabbit antibody to the polysaccharide of Type III pneumo-

coccus with the corresponding antigen, a totally unrelated system. No inhibition was

noted, however, when normal rabbit serum was added instead of mouse serum. Electro-

lyte effects were shown to play no part in the inhibition by changing the amount of

saline in which the reaction was run. In the case of the milk factor-antibody system

there was the possibility that a cross-reaction serum protein was causing the inhibi-
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tion. It was indeed found that mouse serum proteins react to a significant degree

with rabbit antibody to the milk factor.

Paris mouse serum has been separated electrophoretically into two crude frac-

tions consisting of beta plus gamma globulins and albumin plus alpha globulins.

Thus far it has been found that the beta plus gamma globulins react with the rabbit

antiserum to milk factor. In addition, the normal cross-reactivity of this antise-

rum with Fraction B of mouse milk, i.e., the whey, is abolished by prior absorption

of the antiserum with mouse serum proteins.

During the past several years this research group at Columbia University has

utilized the facilities of the mouse colony for the production of mouse milk in suf-

ficient quantity so as to provide, on one hand, material for Br. Heidelberger's im-

munological studies on the factor, and on the other hand, for isolation and charac-

terization of the factor. It has now been agreed that it is necessary to limit the

large-scale production of milk and to use the facilities of the mouse colony in such

a way as to obtain more information concerning the presence of the milk factor in

various types of preparations of milk and tumor tissue by carrying out comparative

studies of the tumor-inducing activity of adequate dilutions. It is hoped that these

studies will give information as to the best method of obtaining the factor in the

greatest quantity and purity.

Dr. Edward L. Howes has studied various methods of administering 8-azaguanine

to experimental animals. Inhibition of sensitive epithelial tumors and epitheliza-

tion were used as the criteria for dosage. V/ith administration in peanut oil once or

twice a day doses of l/3 or 1/6 as much could be employed. Oral administration of

8-azaguanine required greater amounts for effectiveness (1 l/2 times) and then drug

action was gradually lost by some offsetting mechanism that developed in about 3

weeks. However, with very large doses by mouth some degree of effectiveness could

be maintained. Mouth administration can be combined with intramuscular injection in

peanut oil and smaller amounts of 8-azaguanine may be used. All doses that inhibit

epithelial proliferation caused weight loss and loss of appetite. No differential





in dose or means of administration has been found for inhibiting the proliferation

of sensitive epithelial tumors in mice versus inhibition of epithelization in rabbits.

Both proliferative processes were quantitatively inhibited by the same changes.

Considering that loss of appetite with effective doses limited the intake of

proteins and nucleic acids, a low-protein, low-nucleic acid diet was given to mice

for one week before 8-azaguanine was started. The control group was kept on the

diet alone and the 75>5 tumors grew at a somewhat slower rate in C5>7 mice. But when

8-azaguanine was given also in previously ineffective doses (7 »$ mg.) I. P. the growth

of these tumors was sharply inhibited. This dose alone did not cause loss of appe-

tite.

Antimetabolites of some of the essential amino acids were given in combination

with 8-azaguanine to mice on diets deficient in the essential amino acids. By this

method, sensitive epithelial tumors could be held to the original size of the trans-

plant for 20 days or growth already established could be stopped. But in both in-

stances growth was resumed as soon as the regimen was discontinued. The conclusion

was therefore reached that inhibition of tumor growth by dietary restriction does

not cause the tumor to lose its potential for growth. The method of allowing the

tumor to grow again after a period of inhibition can be recommended as a method for

testing the effectiveness of cancer chemotherapy with transplantation tumors.

Dr. Daniel M. Shapiro has continued his program testing the feasibility of

utilizing quantitative biochemical differences between neoplasm and normal host tis-

sue as a guide for the combination chemotherapy of cancer in collaboration with Dr.

Maurice Shils of the School of Public Health and Dr. L. S. Dietrich of the Department

of Biochemistry. During the past year the following data have been gathered demon-

strating that low metabolite concentrations render malignant cells vulnerable to

antagonist therapy:

1. Vitamin B6 has been found in lower concentration in a mammary adenocarcinoma

(755) than in the majority of normal tissues of its host (c57 BL mice).

2. A vitamin B6 antagonist, desoxypyridoxine, has carcinostatic activity against

this tumor.
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3. The relationship between low metabolite concentration in the neoplasm and

antagonist therapy is brought forth by combined therapy with testosterone and deso-

xypyridoxine. Testosterone, which has no carcinostatic activity against the 755 tu-

mor, decreased the vitamin B6 concentration in the tumor. Thus, even subcarcinostat-

ic doses of desoxypyridoxine are found to cause marked tumor inhibition in testoste-

rone-treated mice

.

1;. Studies of a vitamin-B6-containing enzyme, glutamic-aspartic transaminase,

reveal it to be present in lower concentration in the 755 tumor than in most of the

host's normal tissues. Furthermore, this enzyme is antagonized by desoxypyridoxine.

A study of transaminase inhibition reveals that tissues of low enzymatic activity

are markedly more sensitive to the in vivo administration of desoxypyridoxine than

tissues of high transaminase activity.

A possible explanation of the action of the riboflavin analogue flavotin, in

enhancing the carcinostatic action of 8-azaguanine was obtained with the observation

that flavotin antagonizes tumor (755) xanthine oxidase. The blocking of tumor xan-

thine oxidase indirectly inhibits tumor guanase, thereby preventing the inactivation

of the carcinostat, 8-azaguanine.

In vitro studies using various 6-substituted, 2-amino-ij.-hydroxy-pteridine de-

rivatives demonstrates that the degree and type of guanase inhibition exerted by

these compounds is markedly affected by the configuration around the 6 position of

the pteridine nucleus.

Department of Surgery at the Francis Delafield Hospital

A laboratory and clinical study directed toward the development of a technique

for measuring the efficiency of lymphatic circulation in the extremities has been

carried out by Dr. Uavid Ju . Dr. Ju has perfected a lymphatic efficiency test based

on the use of radioactive albumin.

An analysis of the cause of death and frequency of distant metastases in pa-

tients dying from head and neck cancer is now being carried out by Dr- Ramon Llobet .

A study of lymph node metastases from head and neck cancer by means of careful

analysis of cleared specimens of neck dissections is being done by Dr. Carl Fiend.
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An investigation of the role of internal mammary lymph nodes in breast cancer

spread is in progress. This project has included two portions. The first consists

of an analysis of 100 aiitopsy specimens in which the internal mammary lymph chain

was dissected and the nodes subjected to microscopic analysis. Assistance in this

work was obtained from Dr. Joseph E. Cairncross , Dr. David Ju, and Dr. George L.

O'Hara .

The second part of the internal mammary node project is a clinical study involv-

ing the application of biopsies of the internal mammary chain in patients with breast

cancer as a method of determining operability. To date over 100 cases have been

collected in the clinical series.

The principal clinical investigations undertaken by Dr. Joseph McDonald } Chief

of the Surgical Service, during the past two years has been the development of plas-

tic surgery techniques for reconstruction of surgical defects in the head and neck

following radical excision of cancer. The greatest volume of new material and most

significant advancement in this line has been in the treatment of tumors located

in the region of the oral-pharynx and laryngo-pharynx.
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Division of Urology, Institute of Cancer Research and Francis Delafield Hospital

The active investigative program on cancer of the male urogenital system is

under the direction of Dr. Perry B. Hudson . His associates include the following:

Dr. John M. Reiner , Dr. Morris London , Dr. Kenneth Tsuboi , Dr. T. D. Price, Dr.

Michael Lombardo, Dr. Casimir T. Wolan and Dr. Meir Podbere zec.

Research upon the nucleic acids in normal and cancerous kidney and testis has

continued. The experiments, based upon studies on the incorporation rates of vari-

ous components of nucleic acids, have progressed to a point at which publication of

the earlier results has been found feasible. Newer vascular perfusion techniques

have permitted prolonged studies of perfused human testis and kidney surgically re-

moved in the operating rooms of the Francis Delafield Hospital. During the past

year, several opportunities have arisen to study the normal human kidney when that

structure has of necessity been sacrificed in cases of ureteral tumor.

Research upon the synthetic enzyme systems in human prostate glands is in prog-

ress. The glutamine amide exchange reaction and the glutamine synthesis of normal,

benignly enlarged and cancerous human prostate has been under investigation. The re-

sults to date have been indicative of alterations in the rate of synthesis in pro-

static cancer, but statistical analyses have not to date proved that the values ob-

tained are actually significant. Recent expansion of the program includes the addi-

tion of studies on several other enzymes thought to be important in protein synthe-

sis. In addition, human and rodent prostatic slices have been studied from a point

of view of protein synthesis as gauged by the rates of production of acid phosphatase

enzymes. An attempt is being made to standardize this procedure to a point at which

substances may be tested for their effect upon protein synthesis.

The studies upon the phosphatase enzymes of both erythrocytes and prostatic tis-

sue have continued. A refined method, based upon the Bodansky determination which

is commonly used clinically, has been developed and is being utilized for precise

testing upon human serum and other sources of acid phosphatase. The efforts origi-

nally made to distinguish clearly between those phosphatases produced by the prostate

gland itself and those produced by other tissues of the body have culminated in a.





-h9-

clear delineation of the kinetics and substrate specificity of prostate acid phos-

phatase. Progress has been made in the experiments designed to learn the metabolism,

or fate, of prostatic acid phosphatase which has entered the blood stream. While

this enzyme does not normally occur as an intact protein in human serum, it has long

been known to be present in varying amounts in serum when disseminated prostatic can-

cer has developed. Through knowledge gained in studying this metabolism, attempts

are now being made to elevate the level of serum acid phosphatase activity for clini-

cal testing in those cases in which prostatic cancer is present but the phosphatase

value is normal. In this way it is believed that two kinds of gain will accrue to

the patient: first, unnecessary radical surgery for cancer which has already spread

can be avoided; and second, hormonal control measures can be instituted as soon as a

definite diagnosis is established by this technique.

The survey of aging males in New York City designed to elucidate more completely

the incidence of adenocarcinoma of the prostate gland in the living male population,

has progressed during the past year at an increasing rate, and now includes surgical

biopsy upon more than 300 males. During this study a classification for prostatic

cancer, recently published, has been formulated.

Study sheets for the future statistical analysis of patients evaluated in this

survey have been designed. One of the most significant findings in this survey to

date has been the fact that physical examination of the prostate gland is an extreme-

ly unreliable method upon which to depend for final diagnosis of prostatic enlarge-

ments. Frozen section technique, however, has been refined and developed through ex-

perience gained at the Belafield Hospital until it now appears to be an established

portion of the regular routine for evaluating all obstructing prostatic lesions. It

has also been clearly shown in this survey that the incidence of prostatic cancer

among those men over $0 years of age who have some degree of prostatic obstruction is

twice as high as in the same age group among individuals who have no detectable pros-

tatism.

Although total prostatectomy is, in most institutions, useful in but five per

cent of patients with prostatic cancer, the biopsy method referred to here has permit-
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ted wide use of curative operations at the Delafield Hospital. During the past 2U

months, for example, more early cancers have been subjected to radical prostatectomy

at Delafield than at any other hospital in the world, regardless of size. This sur-

gery has been performed, mainly by the resident urologists, with a mortality rate of

slightly over one per cent - the lowest on record.

More than 30 bilateral total adrenalectomy operations have been performed for

advanced neoplastic disease. The clinical results, as appraised jointly by the De-

partments of Urology and of Medicine, are such that it has been advocated that the

procedure be abandoned for palliation of advanced disseirinated prostatic cancer.

Adrenalectomy combined with gonadectomy is still being evaluated in advanced mammary

cancer.

The laboratory study upon patients subjected to bilateral total adrenalectomy

has been extended to include a number of studies upon the steroid constituents of

both blood and urine. One portion of this work has been done in collaboration with

the laboratories of the Department of Gynecology. Among the accomplishments during

the past year is the attainment of a non-steroidal maintenance program for adrenalec-

tomized patients. In an initial experiment upon individuals maintained without ster-

oid administration, it has been established that the 17-ketosteroid level of the

urine during maintenance upon ammoniated glycyrrhizin is zero. This seems to estab-

lish the previously debated point concerning whether or not tissues in the body other

than the gonads and the adrenal cortex are capable of manufacturing ketosteroids.

The studies on ascorbic acid levels in adrenal-cortical tissue begun last year

have been submitted for publication. These experiments have been performed on fresh

tissue from the operating rooms and have been evaluated before, during and after the

administration of adrenocorticotrophic hormones. The work has been performed in col-

laboration with Dr. Frederic Agate of the Department of Anatomy.

Fractionation of large quantities of human adrenal blood has been made possible

by the development of a dependable technique for cannulation of the central adrenal

vein. The steroid analyses on effluent adrenal blood have been done both in the
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Urological Section of the Institute's laboratories, and through collaboration with

the Worcester Foundation for Experimental Biology. A more nearly complete knowledge

of the steroid substances elaborated and added to circulating blood by the adrenals

in response to ACTH and other stimuli has been gained through these experiments.
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1

Introduction

The activities of the Institute of Cancer Research, during the past year,

have been increased in laboratory and clinical research, in undergraduate and

postgraduate teaching, and in patient care. In the succeeding pages of this Re-

port, brief summaries of the research of the various Departments are presented.

The areas of investigation into the problems of abnormal growth have ranged from

a description of the effects of anti-tumor compounds on the biological action and

physical chemistry of the Hemophilus influenzae transforming principle, to a crit-

ical reevaluation of the criteria for radical surgery in cancer of the female

breast

.

Reference to the 150 publications which have appeared in the academic year of

1953-5U will demonstrate the frequency with which collaborative studies have been

undertaken jointly by representatives of basic scientific disciplines and clini-

cians. This type of cooperative study characterizes an increasing proportion of

the investigative work of all major cancer research groups throughout the world.

The interchange of knowledge between the laboratory and the clinic is a significant

factor in the year to year improvement in patient care, early diagnosis and cure

rates. This essential form of research effort is certainly to be encouraged. At

the same time it should be recognised by agencies providing financial support for

cancer research that equal or perhaps even greater encouragement should be offered

to investigations of fundamental cellular phenomena for which there are no prag-

matic applications apparent at the moment. Research within the latter category is

also described in the body of the Report.

In addition to the usual teaching schedule on neoplastic diseases, the staff

undertook two extra assignments this past year. One consisted of a series of

thirty-one Radio Alerts on Cancer which were broadcast to physicians of New York

and vicinity on the weekly program, For Doctors Only. These were brief discussions

on various clinical aspects of cancer. A far more ambitious undertaking consisted

of fifteen one hour color television programs which were broadcast from a studio
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created in The Francis Delafield Hospital. This series, sponsored by the American

Cancer Society, was under the technical direction of the Columbia Broadcasting

System and was broadcast; over a closed circuit, to eight cities on the Eastern

seaboard and as far west as Toledo, Ohio. The organization of each program was

the responsibility of members of the clinical staff of the Columbia-Presbyterian

Medical Center. This exploration of a new teaching medium was an interesting, and

also a very time consuming, experiment. Preliminary evaluation by the American

Cancer Society indicates that the series was well received by the physicians to

whom, it was directed. It is anticipated that the color moving pictures which were

taken of the programs will be valuable for cancer teaching.

At The Francis Delafield Hospital, the cancer research hospital which is ad-

ministered by Hew York City and is professionally staffed by Columbia University,

twenty-six hundred and twenty-nine new patients were admitted during the past

year. This represents an increase of more than fifteen per cent over the preced-

ing year. The physical facilities together with the accomplishments of its staff

are commanding increasing recognition for this three year old hospital.

As the record of the year is reviewed, we can recognize some definitive

gains that have been made in meeting the practical problems of neoplastic disease

in man. We can also note with pride the contributions which investigators of the

Institute have made to the understanding of growth. The work summarized in this

Report forms a useful part of the world-wide conspiracy against cancer. The year

has been well spent and the next one is entered with confidence in a solid frame-

work on which to build.

Alfred Gellhorn, M.D.

May, 195U
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Department of Biochemistry

The investigations carried out in the past year again concerned themselves

with a wide variety of problems, from the elucidation of fundamental cell re-

actions to the mechanism of action of growth inhibitors.

Dr . Erwin Chargaff and his group have continued their researches in the

field of nucleoproteins, lipoproteins, and related subjects. The composition

of mammalian deoxyribonucleic acid (DNA), which may be presumed to be an im-

portant component of genetic material, has been further studied in detail. The

structure of calf thymus DNA. has been postulated to be a chain in which tracts

consisting principally of pyrimidine nucleotides are followed by stretches in

which purine nucleotides predominate. DMAs were isolated from tissues of four

mammalian genera; their composition in terms of the nitrogenous constituents

varied from genus to genus, but was constant among the various tissues of one

genus. Human normal and carcinomatous liver yielded DNAs of identical purine

and pyrimidine composition.

An enzyme preparation catalyzing the phosphorylation of nucleosides by

phosphate transfer from nucleotides or other donors, e.g. phenylphosphate, was

found in malt and in human prostate. This transphosphorylation system seems to

be the first instance of a general enzymatic reaction leading to the formation

of nucleotides from nucleosides.

In collaboration with Dr. Margaret R. Murray of the Department of Surgery,

the antagonism between colchicine in tissue cultures of rat fibroblasts and the

simplest structural analogue of colchicine, tropolone, has been studied.

Tropolone reverses the mctaphase arrest induced by colchicine in a manner sim-

ilar to meso-inositol, the only previously knovm colchicine antagonist.

Dr . Zacharias Dische, in collaboration with Dr. Martin Jacubeit , has con-

tinued investigations on the mucopolysaccharides of serum proteins* Two new

methods have been elaborated, one of which makes it possible to determine the

composition of the total mucopolysaccharide of a protein without any preceding
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purification^ the other permits the evaluation of certain structural properties

of the polysaccharide. These methods have been applied to the characterization

of the three main globulin fractions of the serum and have disclosed characteris-

tic: differences in the composition and certain chemical properties of the poly-

saccharide of these fractions. Progress has also been made in the purification

of the mucopolysaccharides of the serum.

A. series of characteristic color reactions of heptose has boon described.

This method has been applied to the tentative identification and quantitative

determination of some of these carbohydrates.

Under the leadership of Dr. Samuel Graff, the Biochemistry Laboratory of The

Francis Delafield Hospital, a division of the Department of Biochemistry, is en-

gaged in a number of diversified activities involving the cause and therapy of

cancer.

Since it has been established that a number of animal tumors are of viral

origin, the hypothesis has been put forth that viruses are responsible for many,

if not all, forms of human cancer. Accordingly, Mrs. Ada _ Graff , Mr* Kenneth

McCarty, and Dr. Samuel Graff continue studies on the properties and biological

behavior of the mouse mammary carcinoma virus y\rhich might have an analogue in the

human. Considerable effort has been expended by Drs. L. C_. Sze and Graff in ef-

forts to propagate the mouse virus in isolated tissue cultures. This technique,

once established, should be applicable to the human disease.

Intermediary metabolism in cancer tissues in contrast to that of normal tis-

sues is under scrutiny in a variety of experimental systems. Drs. Margaret

Marshall, Donald Tschudy, Aaron Frecdman, Morris Engclman, Mr. Mark Peters, and

Mrs. Graff are administering labelled amino acids to patients in an effort to un-

cover possible faults in amino acid metabolism which might account for the in-

anition and cachexia of advanced cancer. Mr. McCarty is studying amino acid

metabolism in isolated cell cultures. Mr. Alvin Ostashever is perfusing isolated

organs with labelled substances. Dr. Sze is studying the role of cellular par-

ticulates in metabolic events, vdth special reference to nucleic acids in embry-
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onic development.

Drs. Engelman and Horace E . Gillespie have made good progress in their syn-

theses of substituted benzimidazoles, benzotriazoles, and quinoxalines for bio-

logical applications. With Mr. Sheldon Greer of the Department of Zoology, they

have demonstrated microbiological inhibition and mutation with several of the

compounds. With Dr. Kathe Liedke, they have shown that a number of the compounds

are inhibitors of amphibian development, arresting early cell division. Two of

the compounds are of especial interest, k-methoxy-6-nitro-benzimidazole, and 5-

methoxy-7-nitroquinoxaline, which inhibit later differentiating stages without

pronounced effect on early division. Dr. Lester Barth , Department of Zoology, is

utilizing these compounds successfully in his elegant studies on organizer orienta-

tion.

Fractionation and testing of Storrs-Little strain milk known to contain an

inhibitor of leukemia in the mouse has gone forward well in the hands of Mrs. F.

J . Agat e and Mr. Gerard Zagnl. Definitive conclusions are anticipated in the next

year on the characterization of the active agent. Orienting experiments by Drs .

Alvan Barach and Hylan Bickerman , Miss Sylvia Itkin of the Department of Medicine,

Mr. Zag.%1 and Dr. Graff indicate a possible therapeutic approach to certain forms

of cancer in animals by decreasing of oxygen tension. Comprehensive experiments

to confirm, extend, and explain these findings are in progress.

In the absence of Dr. David Ritteriberg on sabbatical leave, the members of

his group have continued their investigations of the mechanism of enzyme action.

On the basis of a study of hydrogen exchange during transamination, a mechanism

for the transaminase reaction has been proposed. The mechanism of esterase ac-

tivity and the exchange of oxygen between organic acids and anhydrides have been

investigated with the aid of . A method for the determination of the O1^ con-

tent of carboxyl groups has been developed.

During the past year, Dr. David Shemin has proposed a cyclic series of reac-

tions (succinate-glycine cycle) which explains the metabolic behavior of glycine





in its utilization for porphyrin, purine, serine, and methyl group synthesis.

The condensation of "active succinate" and glycine produces alpha-amino-beta-

adipic acid, which on decarboxylation yields delta-arrdnolevulinic acid. To fit

the concept, the delta carbon of this new intermediate must have the same meta-

bolic functions as the alpha carbon of glycine. It has been shown that the delta

carbon of delta-aminolevulinic acid is utilized for the carbon atoms of porphyrins

and purines which arise from the alpha carbon of glycine; the new intermediate

is the source of all the carbon and nitrogen atoms of heme. It can also be con-

verted to alpha-ketoglutarate, the alpha carboxyl group of which was originally

the alpha carbon of glycine. The role of the new intermediate in serine and

methyl group synthesis is under investigation.

Dr . David B • Sprinson and his associates have continued their studies on

the mechanism of synthesis of the methyl groups of choline and thymine from the

beta carbon of serine. In neither process does oxidation to a formyl group oc-

cur. This suggests that folic acid, which is implicated in these reactions, can

act as a carrier of a hydroxymethyl group or a closely related one-carbon inter-

mediate. In a study of the biosynthesis of sphingosine in nervous tissue, Dr.

Sprinson has shown that carbons 3 and 2 and the nitrogen of serine are specifical-

ly utilized for carbon atoms 1 and 2 and nitrogen of the base, the remainder of

the molecule being derived from acetate. He has found that ethanolamine and

ribose are converted efficiently to acetate in the rat, probably by way of glyco-

aldehyde. Continued investigations of the synthesis of aromatic compounds by

bacteria have shown that in the formation of tyrosine the carboxyl group of

shikimic acid is replaced by the alanine side chain.

Dr. Stephen Zamenhof has continued, In collaboration with Dr. Hattie E.

Alexander of the Department of Pediatrics, his studies on the type-specific poly-

ribophosphate and the transforming principle of Hemophilus influenzae. The poly-

ribophosphate of H. influenzae type b appears to be a chain like that found in

pentose nucleic acids, in which the place of the purines and pyrimidines is oc-
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cupied by a second similar chain, linked to the first in l:l'-glycosidic link-

ages.

The influence of carcinogenic and carcinostatic agents and of other physical

and chemical agents on DM "with transforming activity has been further studied.

Human and ox DNA with and without H. influenzae transforming principle were test-

ed for their resistance to heat, ionic strength, dehydration, deoxyribonuclease,

formaldehyde, peroxide, ferrous iron, and other mutagenic and protein denaturing

agents. The loss of stability to heat in specified conditions was found to be a

sensitive criterion of injuries to the DNA molecule. A series of nitrogen mus-

tards was tested for their inactivating power for transforming principle; the

order of effect on DNA seems to be the same as the order of carcinostatic activ-

±tj of these compounds. The DNA which survives the mustard treatment becomes

unstable to heat or storage though it retains its biological activity. Of other

carcinostatic agents tested, only 1.5-diaminobiuret inactivated the transforming

principle

.
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Department of Dentistry

Research in the Department of Dentistry of The Francis Delafield Hospital

has been concerned primarily with the clinical and laboratory evaluation of

various types of drug therapy.

The Dental Department collaborated with the Department of Bacteriology in a

laboratory and clinical investigation of patients treated with Carbomycin. Drs.

At N. Kut sch.er, J. Piro, E. Zegarelli, S_. lane , and L . Seguin studied Carbomycin

blood and urine levels, the effect of Carbomycin on bacteremia, the clinical ef-

fectiveness of Carbomycin therapy, and blood chemistry and hematologic findings

in patients before and after Carbomycin therapy. Despite clinical effectiveness,

blood and urine levels of Carbomycin were found to be extremely low. No side re-

actions of consequence or evidences of untoward systemic reactions were demon-

strated by pre and post therapy blood chemistry and hematology.

In an effort to corroborate the findings of Gladstone with regard to the ef-

fectiveness of the Gelfoam biopsy technique in the diagnosis of carcinoma, Drs.

Piro, Kutscher , Sproul , and Zegarelli used various methods of collection of

Gelfoam sponge biopsy specimens to study the accuracy of the Gelfoam biopsy tech-

nique as compared with routine surgical biopsy technique in eleven cases of prov-

en oral and/or head and neck carcinoma. Results demonstrated the lack of justifir.

cation for using the Gelfoam sponge biopsy technique owing to the relatively high

percentage of instances (8 of 11) in which the report of surgical biopsy was

definitively positive while the pathological report on Gelfoam sponge biopsy was

equivocal or even more often negative.

Efocaine, procaine base dissolved in propylene-glycol, widely heralded as a

prolonged acting local anesthetic analgesic of considerable promise, was studied

^y ~£>vs ' Piro /.Sproul , Zegarelli, and Kutscher with regard to its safety and ef-

fectiveness by injecting Efocaine into the muco-buccal fold of patients following

which, -.at the rtime of. extraction of teeth, biopsies were taken at intervals vary-

ing from 2 to 11 days post injection. Histopathological findings were compared
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with those obtained in matched areas following saline control injections . A

definite plasma cell inflammatory response (with swelling - clinically) was noted

following Efocaine injection which was considered to be readily reversible but

which, however, contra-indicated the use of Efocaine in areas of degeneration,

infection, or pre-existent inflammation.

In order to study the advisability of the intra-oral injection of procaine

penicillin and Carbomycin into the oral mucous membranes, Drs . Piro, Sproul,

Zegarclli , and Kutscher injected these drugs individually into various areas of

the imico-buccal fold of patients and biopsied the areas subsequently. Histo-

pathological findings were compared with those obtained in matched areas follow-

ing saline control injections. A relatively mild inflammatory reaction of a

readily reversible character was observed microscopically but not macroscopic ally.

The sub-mucosal route of injection ins therefore found not to be contra-indicated,

but its use in degenerated, inflamed and infected areas was considered advisable

only after due consideration.

The usefulness of phenoxyethyldimethyl dodecyl ammonium bromide, Bradosol,

as an antimonilial agent has been studied by Drs. Kutscher , Seguin, Lewis, Piro,

and Zegarelli against 18 pathogenic strains of Honilia albicans in collaboration

with the bacteriology laboratory. Bradosol has been found uniformly effective in

minimum concentrations of 1: US, 000 in inhibiting the growth of Honilia albicans

organisms in vitro. Since Bradosol (PDDB) is clinically effective in a *01^ so-

lution, has minimum toxicity when used topically at this dilution, and is also a

potent anti-bacterial agent, further study of its use in fungal infections, espe-

cially in Candida infections, seems highly desirable.

On the basis of the controlled, "double blind" administration of a chloro-

phyll-containing and a placebo solution to the lesions of 25> consecutive patients

with advanced or terminal head and neck carcinoma in which odor had become a con-

stant and prominent aesthetic problem, Drs. Kutscher, Piro, Zegarelli , Chilton and

Rahkow found chlorophyll to be ineffective as a deodorizing agent.
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The effect of an iodine containing mouthwash (differing from Lugol's solu-

tion in iodine content both as to chemical composition and concentration) is

being compared with Lugol's solution in the bacteriological laboratory in terms

of critical killing dilutions, time required to kill micro-organisms, and the

effect of the solutions on the activity of antibiotics. No superiority of the

new iodine solution (Heliogcn) over Lugol's solution was found, and clinical

studies comparing these two solutions have similarly been completed without

evidence of increased beneficial action of Heliogcn.
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Department of Medicine

The objective of most of the investigations in the Department of Medicine

is clarification of some aspect of the multifaceted problem of disseminated

neoplastic disease. This broadly defined approach includes a range of experi-

mental programs from a fundamental study of nucleic acid biosynthesis to the

completely pragmatic investigation of methodology in cancer chemotherapy screen-

ing. In the past year satisfactory progress has been made in many of the chosen

areas of research.

Dr. Alfred Gellhorn and his associates, Dr. Erich Hirschberg, Mis_s_ Alice

Kells , and Mrs. Marie Lajtha, have carried out studies on five general problems:

a) the evaluation of screening techniques in experimental cancer chemotherapy;

b) comparative studies of anti-tumor agents in vivo and in vitro; c) definition

of nucleic acid levels in various biological systems and of the effect of car-

cinostatic agents on these biochemical entities; d) experiments concerned "with

the biochemistry of differentiation in Dictyostelium discoideum; and e) experi-

ments on the carcinogenicity or cocarcinogenicity of tobacco tars.

a) Evaluation of cancer chemotherapy screening techniques - During the past

several years, increasing emphasis has been placed on chemotherapy amung the ap-

proaches to the problem of controlling neoplastic growth. Following a ^H^ey on

research in this field which was sponsored by the American Cancer Society in 19^2,

it was recommended that the biological systems commonly employed for screening

potential anti-cancer agents be evaluated by comparison with each other and with

a variety of other biological test systems. The objective was to determine if

improvements could be made, in the empiric search for useful drugs, by employing

and correlating a number of screening methods.

A group of about twenty biologists, microbiologists, and biochemists in

eight institutions have been conducting a collaborative experiment to sLudy the

effects of twenty-seven carefully selected agents on nineteen general biological

systems. The organization of this project together with the evaluation and cor-
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relation of the results which have been collected has been one of the main func-

tions of this laboratory. A volume detailing the individual data and presenting

the correlations and conclusions which may be dravm from them is in preparation.

Of the twenty experimental neoplasms included in this collaborative experi-

ment, three have been studied here. The evaluation of the various agents in mam-

mary adenocarcinoma iSS, mouse glioma 26, and the BroTwi-Pearce tumor in the ante-

rior chamber of the rabbit eye has been completed.

b) Comparative studies of carcinostatic agents in vivo and in vitro - The

experiments carried on in close cooperation with Dr. Margaret R. Murray and Mrs .

Edith H m Peterson have been briefly mentioned in earlier reports. In these com-

parative studies during the past year, the Brown-Pearce rabbit tumor and mouse

glioma 26 have been employed.

In the Brown-Pearce tumor, 8-a zaguanine was an effective inhibitor both in

vivo and in vitro , and this effectiveness correlated well with the absence of

measurable azaguanine deaminase activity. Yfith two other agents, this good agree-

ment between the animal and tissue culture was not observed. B enzimidazole did

not inhibit the tumor in vivo but was fairly effective in vitro ; l,U-dimethane-
oxy

sulfonylbutane (Myleran) was carcinostatic in the rabbit but had no effect in

tissue culture.

Mouse glioma 26, a transplantable brain tumor originally induced by the

implantation of a pellet of methylcholanthrene, was exposed to three agents in

comparative experiments in vitro and in vivo. 8-Azaguanine was essentially inef-

fective in both situations; Myleran was inhibitory both in the animal and in

tissue culture; 6-mercapt©purine was decidedly carcinostatic in vivo but without

significant effect in vitro . The reasons for the different response of tumors to

some agents in the body and in tissue culture (benzimidazole and Myleran in the

Brown-Pearce tumor; 6-mercaptopurine in glioma 26) are under investigation.
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c) The. effect of physic?.! and chemical factors on the cellular concentration

of nucleic acid - Reference has been made in previous reports of two studies on

the effect of anti-cancer agents on regenerating rat liver and particularly on

the changes in nucleic acid levels which accompany liver restoration. In collab-

oration Tilth Dr. Gabriel Godman of the Department of Surgery, a new study has

been initiated on the nucleic acid changes in regenerating rabbit muscle following

ischemic damage. There is a striking increase in the number of nuclei per mg. wet

weight and in the nucleic acid content on a cell or wet weight basis following the

trauma. It is hoped that this system will lend itself to a further evaluation of

agents which interfere with nucleic acid or protein synthesis.

As part of the continuing program of biochemical characterisation of tissues

on a cell basis, comparative analyses have been carried, out on the nucleic acid

content of the Gardner (6C3KED) lymphosarcoma in the solid and ascitic forms.

Contrary to expectations, there are wide differences between the two forms, and

unusually large variations between succeeding transplant generations of the solid

form. Confirmatory assays by the microspectrophotometric technique, a method

which does not depend on homogenization of tissues as does the one used in this

laboratory, are being undertaken by Dr. David Bloch of the Department of Surgery.

The possible occurrence of selection of cells with a particular chromosome consti-

tution in passages from solid to ascitic forms and from the latter back to the

former is being investigated.

d) Biochemistry of differentiation in Dictyostelium discoideum - The suita-

bility of this slime mold for studies on differentiation, the general biological

process which appears to fail or to be inhibited in neoplastic growth, has been

briefly mentioned in last year's report. As part of the collaborative screening

program, discussed under a), Dictyostelium has been exposed to a series of anti-

cancer and related agents at two distinct stages of morphogenesis and differentia-

tion. In view of the unusually pronounced inhibitory effect of two 2,U-diamino-
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pyrimidines on differentiation in this organism, an extensive series of congeners

with widely varying antibacterial and antimalarial activity is being tested. In

general, the representatives of this class of compounds have pronounced inhibitory

activity in this biological system.

Preliminary estimations of nucleic acids, of folic acid, and citrovorum fac-

tor, and of other biochemical constituents in this slime mold at various stages of

the life cycle are underway to supplement and extend the information obtained by

the use of antimetabolites and other biologically active agents.

e) Carcinogenicity or cocarcinogenicity of tobacco tars - The cocarcinogenic

properties of croton oil following the application of subthreshold doses of a

primary carcinogen, e.g. benzpyrene, is well known. In long-range experiments,

it is being determined whether the tars collected from smoke coming from cigarette

tobacco "smoked" in a smoking machine have carcinogenic or at least cocarcinogenic

activity for the skin of mice. At the present time, over six months after the

start of the first experiment, the repeated application of tobacco tars in benzene

to the shaved backs of mice has caused no papillomas or carcinomas, but tobacco

tars, like croton oil, appear to speed the appearance of skin tumors when a few

applications of benzpyrene precede the first application of the tars. It is to

be emphasized that the results are not complete enough to warrant any conclusions

at this time

.

Drs. Zacharias and Penato Dische have been studying the mucopolysaccharides

of a variety of tissues. It has been found that the polysaccharide of rabbit

bone contains methylpentose. This observation is of great interest because the

polysaccharides of rabbit serum contain no methylpentose thus permitting the qual-

itative distinction between the polymers from serum and bone. It has been known

that the polysaccharides are associated with all of the protein fractions. Dur-

ing the past year, the Drs. Dische have fractionated human serum protein accord-

ing to techniques described at the Physical Chemistry Laboratories at Harvard
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(the late Dr. Edwin Cohn) and have characterized the polysaccharides of each

protein group.

It was found that the a-, Y-, and ^-globulins separated by this procedure

differ not only by the concentration of the mucopolysaccharide, but also to a very

marked degree by the ratio between the methylpentose and hexose, which in the

case of T-globulin proved to be three to four times as high as in the a~ and Q-

globulinsj the two latter also differed in this ratio from each other but the

difference was not as pronounced as in the case of Y-globulin. It was further-

more shown that the mucopolysacharide of T-globulin dissolves almost completely

in 80 per cent ethanol containing 5 per cent KOH while in the case of a- and j3-

globulins most of their mucopolysaccharides remain undissolved under these con-

ditions. It was finally shown that the mucopolysaccharides of various fractions

also differ in the speed with which methylpentose can be freed from its link to

the other sugars by very mild acid hydrolysis, and this speed can be regarded as

characteristic for various fractions and indicative of special structural features

of the mucopolysaccharides. The rabbit serum was also fractionated according to

method 10, but so far the composition of the mucopolysaccharides of this fraction

was not yet determined.

Dr. Emily N» Lo eb and Dr. Abbie I. Knowlton have been engaged in adapting

existing methods of chemical analyses to the study of rat carcass, muscle and

other tissues in order to compare the electrolyte concentrations of these tissues

in animals made hypertensive by adrenal steroid therapy and by renal damage

through operative procedures.

"Tork on chemical screening methods for the diagnosis of pheochromocytoma

has been continued by Dr. Marc el Goldenberg and his associates.

The influence of Dopa-decarboxylation inhibitors was studied in rats, using

2,5-Dopa. Rat adrenals showed a definite lowering of catecholamine content, most

likely due to inhibition of noradrenaline and adrenaline synthesis. On the

other hand, 3,ii-Dopa caused an increase of the catecholamine content of the
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adrenal medulla. Since both compounds constitute alternate pathways of tj^rosine

metabolism the problem is to be studied more extensively.

Dr. Jack Davidson continued studies on the influence of a number of chemical

compounds upon the rate of incorporation of radioactive inorganic phosphate into

the RNA and DM of tumor 75>5 in C57 Bl/6 mice. Standardized studies on 27 com-

pounds have been completed as part of the program on cancer chemotherapy screen-

ing methodology mentioned before.

In a series of experiments it was found that a group of compounds exists

32
which do not depress P incorporation into DM despite their antitumor activity.

The compounds of this group were generally the alkylating agent type and includ-

ed nitrogen mustard (HN2), Myleran, triethylene nelamine, triethylene phosphoram-

ide, and triethylene thiophosphoramide.

Dr. Elliott Osserman has initiated a comprehensive study of serum and urine

protein abnormalities in neoplastic disease, particularly multiple myeloma.

A modification of the technique of filter paper electrophoresis has been

developed whereby the paper is held in free suspension between two methacrylate

frames which form a moisture-saturated chamber. This modification has extended

the practicality of an already useful technique by virtue of its ability to in-

crease significantly the degree of resolution of the protein components.

Study has been made of several techniques for the quantitation of the elec-

trophoretically separated protein fractions, including dye-elution, photometry,

etc. Although several of these methods provide reproducible quantitative data,

there are still formidable methodological limitations which preclude their gen-

eral use. An extensive survey of special staining techniques for the identifica-

tion of the several conjugated serum proteins (lipo-glyco-, and mucoproteins) is

currently in progress. By these procedures, it has been possible to confirm the

fact that a large proportion of the abnormally occurring a-globulins in the

serum of patients with advanced neoplastic disease are glyco-proteins.
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In conjunction with Dr. Ezra Greenspan of the Department of Medicine, lit.

Sinai Hospital, a study has been made of a method for the frurbidimetric estima-

tion of a particular serum fraction -which comprises the major moiety of the a-2

plus p-globulins. This simple precipitation technique, originally devised by Dr.

Greenspan, may provide useful information concerning this relatively obscure area

of the globulin spectrum.

In a consecutive series of 30 cases of multiple myeloma, it has been found

that the electrophoretic patterns of the serum and/or the urinary proteins were

unique and characteristic in all cases, with no false negative or false positive

results to date. The marked electrophoretic homogeneity of the abnormal myeloma

globulins distinguishes them from all other pathological hyperglobulinemias. The

technique has further proved useful for the serial study of serum proteins in in-

dividual patients throughout their course as another method for the objective

evaluation of drug therapy in neoplastic disease. In one of six cases of multiple

myeloma treated with 6-mercaptopurine, general clinical improvement was shown to

be associated with a marked decrease in the abnormal serum globulin. None of the

other five myeloma cases so treated demonstrated a comparable protein response.

Dr . George Hyman has studied mechanisms of anemia in patients with neoplastic

disease. In 26 patients with malignant epithelial tumors, conventional laboratory

tests for hemolysis revealed a moderate increase over normal in h%, slightly in-

creased hemolysis in 5h% } and no significant change in the remainder.

The Ashby technique for study of red cell life-span by differential agglutina-

tion was employed by transfusing fresh, normal donor cells in eighteen instances

to sixteen of these patients. Moderate to marked acceleration of destruction of

donor cells occurred in fifteen patients without any relation to the routine lab-

oratory findings. A repeat study in two patients showed a further increase in the

rate of erythrocyte destruction as the disease process progressed.

Investigation of the dynamics of eiythropoiesis using radioiron indicated

that the majority of these patients fell within normal limits as regards immediate
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plasma iron turnover. In addition, red ceil iron turnover was normal, and the

red cell iron renewal rate normal or increased in the majority of these patients.

All the data on iron metabolism, and especially the presence of normal or in-

creased red cell iron renewal rates, supports the thesis that red cell production

is normal or increased in these patients.

The studies on red cell production and destruction lead to the conclusion

that an increased rate of hemolysis is an important factor in the pathogenesis

of the anemia associated with cancer.

In a review of the experience of bone marrow aspiration in patients with

cancer, Dr. Hyman noted that tumor cells were found in 10$ of the patients.

Correlation of the bone marrow study with skeletal x-ray series and other clin-

ical examinations indicated that the bone marrow frequently revealed bone metas-

tasis indetectable by other methods. Investigation of its usefulness as a pre-

operative survey measure is being carried out.

With Dr. Alfred Gellhorn and Dr. James Tfolff , Dr. Hyman carried out a clin-

ical evaluation of 6-mercaptopurine . The drug was found to be useful in the

therapy of acute leukemia of children, and to a much lesser extent, in adults.

In a small number of patients with reticulum cell sarcoma, limited objective im-

provement was observed so that further study of mercaptopurine in this disease

is warranted. The compound was of no significant value in multiple myeloma,

Hodgkin's disease, lymphocytic lymphosarcoma or a variety of epithelial tumors

studied.

A number of other clinical research projects have been in progress on the

medical wards of The Francis Delafield Hospital. Dr. Daniel Choy, Dr. Jan

MLjnssen and Dr. Alfred Gellhorn have been evaluating, by "double blind test",

the anti-emetic drug, chlorpromazine. The observations are not complete so that

even a preliminary impression is not permissible.

Dr. Donald T schudy, in collaboration with Dr. Samuel Graff , has studied ?r"'
5

labelled aspartic acid incorporation into the serum and leucocyte protein of
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normal and leukemic subjects. Urinary metabolite determinations have also been

made. Although the evidence is incomplete, there appears to be a significant

difference in the metabolism of aspartic acid between normal and diseased indi-

viduals .

Dr. James F. Holland, together with Dr. Alexander Sahagian-Edwards and rftss

Ethel Danielson, determined the effect of the chelating agent, ethylene diamine

tetraacetic acid, in hypercalcemia patients. They found that although this com-

pound could successfully depress the serum calcium concentration on intravenous

administration, the effect was difficult to control and of only brief duration.

Drs. Sahagian-Edwards and Holland reviewed the frequency of adrenal metas-

tases from various primary epithelial tumors. Particular attention was drawn to

the fact that complete replacement of these glands occurs leading to the clas-

sical manifestations of Addison's disease. Bronchogenic cancer heads the list

of tumors which metastasize to the adrenals.

Drs. Alfred Gellhorn and James Holland, together with Dr. Julian E . Herrmann

and his associates, completed a clinical evaluation of dihydrotestosterone,

Stanalone, in advanced breast cancer. No superiority to testosterone propionate

could be found.

During the past year Dr. Helen II. Ranncy has continued the study of the oc-

currence of varieties of hemoglobin by filter paper electrophoresis. This method

permits identification of three varieties of hemoglobin: normal adult, sickle

cell hemoglobin, and hemoglobin C« The presence of fetal hemoglobin may be sug-

gested by the filter paper method, but is confirmed hy the use of alkali denatur-

ation. The combination of sickle cell hemoglobin and hemoglobin C has now been

encountered in thirteen patients; all of these patients have a clinical syndrome

which is somewhat milder than classical sickle cell anemia. In addition, three

patients whose hemoglobin is almost entirely of the "C" variety have been detect-

ed — these permit tentative conclusions about the clinical manifestations of a

newly recognized intrinsic defect of the erythrocyte, Hemoglobin C disease. This
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disease is characterized by a mild hemolytic anemia, splenomegaly and great

numbers of target cells on smears. Studies of the occurrence of these hemoglo-

bins in families confirm the hypothesis that the genes for sickle cell and C

hemoglobins are inherited as simple Mendelian dominants. Evidence is accumulat-

ing that the genes for sickle and C hemoglobins are alleles.

In conjunction with Dr. S. Faelsch of the Department of Obstetrics and

Gynecology, a study utilizing filter paper electrophoresis, of hemoglobin of

various strains of mice has been undertaken. Thus far, two types of hemoglobin

pattern varying with the strain of mice have been identified.

Together with Drs . I. M. London and J. P. YJhite, a study designed to ascer-

tain the origin of Bence-Joncs protein in patients with multiple myeloma has

been undertaken. Bone marrow from patients with Bencc-Jones proteinuria was in-

cubated in vitro with isotopic glycine; subsequently the Bonce-Jones protein may

be isolated by immunological methods and its radioactivity determined.
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Department of Obst etrics and Gynecolo&y

Cancer research in the Department of Obstetrics and Gynecology, under the

general direction of Dr. Howard C» Taylor, has continued to be developed in four

particular directions. These may be designated as (l) steroid chemistry and

physiology, (2) the study of certain biochemical and metabolic properties of gyne-

cologic tumors in relation to degrees of tissue differentiation, (3) pathological

studies, and (U) clinical investigations. The program Trill be considered under

these headings.

I. STUDIES ON THE STEROID HORMONES

A . The Development of Methods

In the laboratories under the supervision of Dr. Seymour hieberman a large

part of the effort has been directed toward the perfection of methods of detection

and isolation and toward the discovery of procedures for application to continual-

ly smaller quantities of material. Among the technical procedures being worked

upon may be noted the following:

1. Application of infra-red spectral analysis to problems of steroid bio-

chemistry (with D_r._Ulrich_7iTeiss, Mrs. Mathilda Furman and Mr. Joseph Zamora).

2. Investigations into methods of synthesis and properties of steroid

imidazols (with Dr. Ulrich T

.7eiss).

3« Studies of methods for the synthesis and hydrolysis of steroid glucurono-

sides (with Mr. Paul Levitan)

.

h- Methods for the detection of urinary corticoids. The methods perfected

in the last year are being applied first to the investigation of the corticoids

excreted during pregnane^,?- and by patients with Gushing' s disease, adrenal virilism

and Kinmelstiel-Milson Syndrome (with Dr. Jean-Pierre Rosselet and Miss Lillian

Overland)

.

l_,_AP2l3-9ai^?nJ^LH?^ ^!. 2^L "•** er
°iSl

Analysis

The methods of steroid analysis noted are being used for the investigation of

some problems in the metabolism of the steroids and to certain clinical problems
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in the cancer field. These nay be listed as follows:

1. Investigations into the biosynthesis of steroid hormones by means of per-

fusion of isolated glands., adrenals, ovaries, testes and placenta, with C^-labeled

materials (with Dr. Samuel Solomon, Dr. Raymond Vande Wiele and Mis s Alice Lenz)

.

2. Investigations into the nature and amounts of 17-ketosteroids excreted by

a) gonadectomized and adrenalectomized patients treated with cortisone or other

steroids, b) pregnant women, c) patients with hirsutism and adrenal virilism,

d) patients with Kimmelstiel-Wilson Syndrome (with Dr. Ulrich Weis s, Mrs. Phyllis

Garland and Messrs . Elvin DeC. Harper and Gerhard Adam).

3. Investigations of the role of the liver and of the kidney in determining

the nature of the excretion of steroid metabolites in the urine of cancer patients.

This is to be studied by the administration of exogenous C ^-labeled steroids (with

Dr. Samuel Solomon and Mr. George Droussalian)

.

1|. The effect of radiotherapy on excretion of 17-ketosteroids, perhaps as a

measure of adrenal function, is being observed in a number of cases treated at The

Delafield Hospital in cooperation with Dr. Horrie M . Gelfand.

C . Studies of Adrenal Hyperplasia

Dr. Joseph Jailer, in collaboration with Dr . Jay J. Gold, a Fellow of the

American Cancer Society; Dr. Eleanor Wallace, a Damon Runyon Foundation Fellow, and

Dr. Raymond Vande Wiele , a Belgian American Foundation Fellow in Obstetrics and Gy-

necology, has continued his work on the steroidal aspects of congenital adrenal

hyperplasia.

The hypothesis developed in this laboratory, of the existence in cases of

adrenal hyperplasia of an enzymatic block which prevents the full hydroxylation of

hydrocortisone precursors, has been further substantiated and has received confirma-

tion by a report in the literature from another institution.

Work during the past year has turned to the more intensive study of the problem

of hirsutism in women, in particular to correlate precise clinical pictures with

urinary steroid patterns. It has been found that there is a group of hirsute women
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who excrete large amounts of dehydroisoanclrosterone. On cortisone therapy dehydro-

isoandrosterone disappears from the urine. There is another group of hirsute -women

whose urinary excretion pattern is normal and whose other symptoms, e.g. amenorrhea,

etc., are improved by wedge resection of the ovaries. Consequently, it appears

that in the first group the origin of the syndrome is within the adrenal, whereas

in the second, it is in the ovary.

Techniques are being developed to study the urinary excretion of "electrocor-

tin" and to separate the components of the human urinary gonadotrophin complex as a

basis for next year's program.

II. HISTOCHEMICAL AND BIOCHEMICAL STUDIES IN TUMOR DIFFERENTIATION

The cancer of any organ may be worked upon as a single entity arising in a

single mutation from normal cells, or it may be worked upon as a quantitatively

varying deviation from the normal. Variability in behavior is common to neoplasms

of practically all types, but in some, degrees of malignancy are particularly clear-

ly defined, both with regard to the morphological pattern as well as to their clin-

ical behavior. The papillary tumors of the ovary show unusually well this phenom-

enon of varying degrees of malignancy or differentiation. In the adenocarcinomas

of the endometrium these grades are still distinct, although somewhat less so,

while in the squamous cancers of the cervix, "grading" by present techniques is

rather unsatisfactory.

The present program is an attempt to study malignancy as a quality by examin-

ing various measurable constituents or functions of the tissue and correlating

these with the tumor histology and natural history. The program involves histo-

chemical, biochemical,' metabolic, and cytological studies.

The initial step is the collection of tumor material and its histological grad-

ing by means of classical hematoxylin eosin staining techniques . During the last

two years 8I4 tumors have reached the laboratory, including 20 papillary serous and

13 pseudomucinous ovarian tumors, 13 endometrial carcinomas, 21 epidermoid carci-

nomas of the cervix and 17 miscellaneous gynecological studies.
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A. Histochemistry (Dr. Margaret Long)

Particular attention has been given to the study of the nucleic acids by the

use o.f the Methyl Green-Pyronin Y method. With the RNA of the nucleoli demonstrat-

ed by this reaction, nucleolar counts were made showing that their average number

per nucleus increased in proportion to the grade of malignancy in the papillary

serous tumors of the ovary. VJith the increase in numbers there was also an ob-

servable increase in the average size of the nucleolus and an apparent increase

in amount and more irregular distribution of chromosomal and cytoplasmic RNA..

Preparations have also been made for the polysaccharide, glycogen, and the

glycoprotein, mucin, but these results are not yet analyzed-

B. Biochemistry (Dr. Dudipala V. N. Reddy)

Biochemical studies have been undertaken, upon the nucleic acids and certain

enzyme systems in the hone of finding variables that can be correlated with the

degree of malignancy.

The ratio of RNA to DNA seemed to be higher in less malignant tumors. These

ratios were also found to be related to the polyploidy of the tumors. A limited

number of ovarian tumors were fractionated into: the'
1 cell particulates. The mito-

chondria were conspicuously absent in all malignant tumors of the ovary. Isola-

tion of pure nuclei and examination of their RNA content has not yet revealed any

quantitative difference in the graded tumors studied thus far. The study of the

composition of DNA from several ovarian and endometrial tumors has not shown any

differences.

The enzyme systems, D-amino acid oxidase, cytochrome oxidase, succinoxida.se

and arginase were studied in several tumors. The results of D-amino acid oxidase

suggest that the benign tumors alone have determinable activity. Succinoxidase

activity was totally absent in most of the tumors studied. In the tumors analyz-

ed to date, the arginase activity seems to be higher in the lower grade tumors.

The co-factor riboflavin has been determined in a few tumors, but the results

are inconclusive.
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C. Metabolic and Protein Studies (Dr. Helena deRoetth )

The rate of oxygen uptake of tumor slices in air appears to be related to

the grade of malignancy. In general, low Q~ r values were obtained with benign

tumors; the QQ
was found to increase with increasing malignancy. The Q„ of the

thirteen ovarian tumors received seem to fall into distinct categories which can

be related to malignancy. Cervical tumors, rath some exceptions, also seem to

follow the trend set forth by the ovarian tumors.

The lactic acid production (Q^
r

) of the tumors also gives some indication
Lux

of malignancy although the Qja
r

results are not as well defined as the Q~
ir de-

terminations. Benign tumors produce only small amounts of lactic acid while as

malignancy progresses increasing amounts of lactic acid are produced.

The preliminary results obtained indicate that when tumor slices are forti-

fied with glucose, they utilize the glucose, but without any apparent increase in

V
The electrophoretic patterns of grade III tumors differ somewhat from those

of the benign tumors. Since only a very few determinations have been run it is

not possible to elaborate on this observation at this time.

P. C ellular and Submicro Enzyme Studies

Material from most of these tumors is now being sent to the Department of

Biology at New York University where a collaborative investigation is being car-

ried on under the direction of Professor Michael Jo Ilopac. The work here is di-

rected toward the tissue culture and submicro enzymic studies in single cells and

parts of cells. Here too, the object is to find properties of colls which can be

correlated with the grades of malignancy of the original tissue.

III. PATHOLOGICAL STUDIES

A. number of studies have been completed or are in progress using pathological

techniques to study clinical problems.
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A. Studies on Radio sensitivity in Squamous Cancer of the Cervix (Dr. Saul B.

Gusberg and Dr. Margaret E. Long

)

In an effort to find a practical means for making the important distinction

between tumors that will respond well and those that will respond badly to radia-

tion, serial biopsies are being taken from the cervix during the course of radia-

tion therapy. These sections as well as tissue smears are being reacted for

ribonucleic and desoxyribonucleic acid changes to give a measure of radiosensitiv-

ity. Papanicolaou cytological examinations are being made at the same time.

Forty-five patients have been studied to date in the analysis of this procedure.

E» Precancerous Lesions

Work has continued, largely under the direction of Dr. Gusberg, on the clin-

ical and pathological aspects of intra-epithelial carcinoma and on adenomatous

hyperplasia of the endometrium. In some of this work he has had the assistance

of Dr. David E. Iloore and of Dr. Harold M. M. Toyell. Dr. Harold Speert has pub-

lished a paper on the type of endometrium found in cases of cancer of the cervix.

C« Morphology of the Ovar;/ in Gynecological Tumors (Mr. Georg e P.udensky and Mrs.

Dorothy Shook )

Evidence from the field of experimental animal tumorigenesis has indicated

that the estrogens probably play a significant role in their production. Some

clinical reports have also suggested various abnormalities as associated with re-

productive tract tumors. With this background, it has seemed reasonable to ex-

amine more systematically the ovaries of women with cervical cancer and with

other tumors. A method, based on the measurement of theca, granulosa and fol-

licular space in serial sections of the entire ovary has made it possible to cal-

culate the total functioning tissue of ovaries. The technique, which provides a

means of comparing the functional capacity of different ovaries, is being used to

study especially the ovaries of women with cervical cancer.
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IV. CLINICAL STUDIES

Clinical studies include the development of certain improved techniques, the

analysis of some series of cases and a carefully organized therapeutic program

designed to give answers to certain questions of therapy.

A . Blood Volume Studies in Irradiated Patients

Using a modification of the dye-dilution method for serial estimations of

plasma volume, originally introduced by Dr. Albert A* Plentl and himself, Dr.

Morrie M» Gelfand has begun the study of the effect on blood volume of massive

x-ray therapy directed to the pelvis.

B. Pelvic Venography

Dr. Salim Dalali, working with Dr. Plentl, has made an extensive study of

the venous system in the pelvis by means of injected x-ray contrast media. With

this study there has been developed a routine method for pelvic venography which

has found practical application on a number of occasions.

C Analysis of Therapeutic Results

Dr. James A. Corscaden and Dr . Toyell have made a report on the clinical

management and pathological findings of 2)4.7 cases of endometrial cancer treated

at The Presbyterian Hospital from 1937 to 1938. Doctors Gusberg , Corscaden and

Walter P» Ilosar have completed a report on the use of interstitial radium in the

treatment of moderately advanced cancer of the cervix.

J. The Therapeutic Program

In the Fall of 1951 a scries of meetings was held by a committee of eight,

representing the Radiological and Gynecological Services of The Presbyterian and

The Francis Delafield Hospitals. The purpose was to draw up a general plan of

therapy which would lend consistency to the techniques of therapy being used in

the two institutions. The intent of the plan was to insure the patient the best

available therapy so far as it was known, and when it was not known, to provide
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alternate plans of therapy which might yield eventual conclusions as to the

respective functions of surgery and radiation in the field. The need for de-

termining the relative advantage of the different types of high voltage x-ray

and of cobalt therapy was also recognized.

The plan, with few modifications, has now been in effect for two and one-

half years. It has provided a basic plan for therapy,, which has given an order-

ly approach to the problem, that promises to lead to logically derived at con-

clusions about indications in therapy.
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Department of Pathology

The Pathology Service at The Francis Delafield Hospital carries on active

investigative programs "with every service of the Hospital correlating the natu-

ral history of neoplastic disease with its histopathological characteristics.

Dr. Arthur Purdy Stout, Chief of the Pathology Service, has continued his inde-

fatigable studies of all types of tumors. His investigations have contributed

invaluable information to the diagnosis and understanding of many types of can-

cers. During the past year publications summa.ri zing studies of the metastatic

spread of breast cancer to the internal mammary lymph nodes, of the natural his-

tory of bladder cancer, of juvenile fibromatosis and of cystosarcoma phyllodes

have appeared.

The study on breast cancer metastases which was conducted with Drs . J. J«

McDonald and C. D. Haagensen is of particular importance because of the frequen-

cy of the tumor and of surgical therapy for it. The investigators found that in

66 patients with primary tumors located in the center and inner half of the

breast, hl% had internal mammary node metastases; in 33 patients rath tumors of

the outer half of the breast, only Q% had demonstrable tumor cells in the inter-

nal mammary nodes. In the publication listed in the bibliography, the authors

discuss the indications for internal mammary and supraclavicular node biopsy,

and also critically discuss the indications and limitations of radical chest

wall surgery in this disease. In addition, Dr. Stout has edited two fascicles of

the Atlas of Tumor Pathology \ one on tumors of the soft tissues, the other on

tumors of the stomach.

The study of the carcinogenicity of various plastic films in mice and rats

undertaken by Drs. B. S. and E.'T. Oppenheimer in which Drs . Stout and I.

Danlshefsky are participating is still continuing. New plastics are being added

to the number already investigated and two reports of progress have been publish-

ed. The search for the carcinogenic agent which may or may not be common to all

of these substances is being actively pursued but so far without success. The
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Another aspect of the investigation by Dr. Sproul, Dr. Fiala, and Mr.

Blutinger has been concerned with the effect of repeated intravenous injections

of malonic acid, an inhibitor of succinic dehydrogenase, on the structure and

behavior of intact cells and their cytoplasmic components. The mice so treated

have shown marked hyperplasia of lymphoid tissue throughout the body and enlarged

liver and spleen. Those sacrificed so far present several abnormalities in liver

and spleen by ordinary microscopy which are under investigation now. The tissues

of those surviving will be subjected to differential centrifugation and electron

microscopy studies.

Dr. Fiala is investigating further the working hypothesis that the scarcity

of mitochondria in tumor tissue may be of great importance in determining the be-

havior of the malignant cell. Since the mitochondrial pellet has been shown to

be a heterogenous mixture, more exact definition of the deficient particles must

be carried out by use of the ultracentrifuge. He is also developing an electro-

phoretic method in an attempt to characterize the various mitochondrial and other

subcellular fractions from the physico-chemical point of view.

Dr. Sproul has collaborated with Dr. Arnold Eachman on a report of the com-

parison between histologic and x-ray findings in the vertebrae of autopsied pa-

tients with malignant disease. The great discrepancy between the amount of tumor

in the bone and the ability to demonstrate it radiologically even by x-raysof the

excised spine has been the noteworthy finding. This can be explained by the

characteristics of the tumor infiltration.

Dr. Sproul has continued a study of the effects of obstruction of the pul-

monary lymphatics by' metastatic disease on the parenchyma of the lung.

Dr. Sproul collaborated with the Dental Department in studying the tissues

of the gum from patients receiving various test substances. These included

efocaine, procaine, penicillin, and carbomycin. The efficacy of gelfoam sponge

biopsy technique as applied to the oral cavity was also studied and reported.
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Mrs. Lucille Seguin has joined the Dental Department in a series of investi-

gations including the effect of carbomycin on bacteremia; the usefulness of

bradosol as an antimonilial agent; a comparison by disc sensitivity test of the

relative sensitivity of various organisms to carbomycin and erythromycin; and a

comparison of heliogen and Lugol's solution as a bacteriocidal mouth wash*

In closing the report of investigative activities of the Pathology Service at

The Delafield Hospital, attention should be called to the fact that Dr. Arthur

Purdy Stout has reached Columbia University's statutory retirement age and has

been awarded the title of Professor Emeritus. Happily for the Institute of Cancer

Research, Dr. Stout has agreed to continue his work in the Institute including The

Francis Delafield Hospital with the title of Consultant. Inasmuch as Dr. Stout

combines the energy of a young man with the wise understanding of neoplastic dis-

ease gained by years of broad experience and concentrated study, his associates

and the Institution look forward with assurance to many years of invaluable as-

sociation.

Drs. T. F. Zucker and L« M. Zucker have investigated the factors which modify

the action of 2-acetylaminofluorene as a carcinogen.

Instances are knovm of a modifying action of nutritional factors on chemical

carcinogenesis. To study such situations it is desirable and finally necessary

to work with so-called purified diets. These are diets in which all the nutri-

tional essentials are given in known amounts as pure substances and the rest of

the diet is made up of relatively pure substances with the avoidance of natural

foodstuffs which are not pure. On such diets 2-acetylaminofluorene displays a

toxic effect which inhibits growth and shortens the life of the animals so that

there is frequently not enough time for good development of tumors.

Significant progress has been made in the work of concentrating the factor in

natural foodstuffs which has this counter-toxic effect. On a laboratory scale we

have succeeded in preparing small amounts of concentrates 50 times as potent as

the original material. For further progress larger quantities of material re-
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presenting the first concentration steps are needed. ?fe have made arrangements

to have such concentrates prepared for us by a drug unnufacturer. With regard to

the properties of the factor, we have continued to find that it abolishes the

toxic early growth inhibition in animals on acetylaminofluorene containing

purified diets and that it lessens the liver hyperplasia of the precarcinogenic

stage of acetylaminofluorene action.
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Department of Pediatrics

During the year, clinical evaluation of chemotherapeutic agents for acute

leukemia has continued under the supervision of Dr. James Wolff. Emphasis has

been placed upon a study of the effectiveness of Purinethol (6--mercaptopurine)

in the treatment of acute childhood leukemia.

Drs. James A. Wolff , Audrey Brown, Frederick Von Hofe and Annie V. Scott,

working in the Pediatric Hematology Clinic and on the wards of Babies Hospital,

have cooperated in a study of Purinethol with Drs. George Hyman and Alfred

Gellhorn, at The Francis Delafield Hospital. Twenty-one children with acute

leukemia have been treated with this drug. The majority had had no prior

therapy; a few had previously received anti-folic compounds or cortisone. Ap-

proximately one-third of the patients have had complete remissions, one-third

incomplete remissions, and the remaining third no response to treatment.
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Department of Radiology

Dr. Morton Kligerman , together with Kiss Elaine G. Rosen and Dr. Edith

Quimby, has developed a rotation unit for use with 25>0-kv. equipment which per-

mits the delivery of cancerocidal doses of x-radiation to volumes of tissue with-

in the body without undue damage to the skin. In studies with Miss Jeanne D.

Richmond, Dr. Kligerman has constructed isodose curves in multiple planes about

a standard radium application used in the treatment of cancer of the uterine

cervix. By applying these curves on the anteroposterior roentgenogram of the pa-

tient with the needles in place, the approximate dose at any point in the pelvis

can be readily estimated.

Research in radiotherapy, under the direction of Drs . Maurice Lenz and Ruth

Guttman, at The Francis Delafield Hospital has been directed toward the clinical

evaluation and standardization of cancer treatment by two million volt x-ray and

cobalt teletherapy. The increased penetration of this supervoltage radiation as

compared to that produced by 200 - 25>0 K.V. has made it practical to administer

larger tumor doses to deep-seated cancers, while reducing the radiation damage

to the irradiated skin and intervening tissues. There is little "radiation sick-

ness" with supervoltage and most patients tolerate the treatment better than

with the 200 - 25>0 K.V. type of therapy. The reduced skin reaction and lesser

radiation mucositis has facilitated more efficient irradiation of cancers of the

head and neck, chest and abdomen. For example, better primary results have been

obtained in cancers of the base of the tongue and pharynx than had been previous-

ly noted. In cancer of the lung, we have been able to increase the average tumor

dose from liOOOr in four weeks to 6000r in six weeks, in areas of 10 x 12 cm. or

smaller. This has been done with less difficulty and has given better palliative

results than when using lower voltages. The consequent radiation pneumonitis

has been less severe than that produced by similar dosage when using 200 - 25>0

K.V. Shrinkage of metastases and lack of serious damage of the normal organ in

metastatic cancer of the liver and growth restraint of various malignant tumors
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of the upper abdomen by two million volt x-ray therapy has been noted. In can-

cer of the cervix, stage III and 17? we have seen better palliative results from

the increased dosage we have been able to administer by the two million volt and

cobalt rotational unit. The chief advantage of rotational cobalt therapy has

been noted in fields 8 en1
, or less in diameter. Local extensiveness of the can-

cer and the presence of metastases in many of our patients has, of course, inter-

fered with the efficacy of our purely local method of supervoltage therapy. Im-

•provement from this therapy, therefore, is not reflected as much in an increase

of survival figures, as in the better growth restraint and palliation of the

cancer patients.

The staff of the Physics Department at The Francis Delafield Hospital, di-

rected by Drs « Karl Eraestrup and Alan Lough , has been working on the standardi-

zation of isodose curves of the cobalt teletherapy unit. A new light localizing

unit has been installed for more accurate localisation of the radiation beam-

Dr . Anna Goldfeder is continuing her experiments toward elucidations of the

relationship between the rate of growth, metabolic activity and radiosensitivity

of malignant tumors, as well as on the significance of the time factor In radio-

therapy .

The Diagnostic Radiology Service at The Francis Delafield Hospital, under

the direction of Dr. Arnold Bachman , has productively investigated a number of

diagnostic problems in clinical neoplastic disease. The radiographic appearance

of carcinoma of the colon which extends across the gastro-colic ligament to in-
"

volve the stomach has been described. The importance of recognizing the correct

primary tumor site as being in the colon rather than in the stomach rests on the

fact that these colon cancers have a good prognosis following surgery.

With Dr. Dalali, Dr. Bachman has studied the pelvic vein anatomy in living

patients by venography. The demonstration of extensive connections between the

pelvic veins and the vertebral venous plexuses explains the frequency of pelvic

cancer metastases to the vertebral column.
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Results on 60 consecutive cases of careful post-mortem x-ray examinations

and autopsy studies of the spine have been correlated. The x-ray studies in-

cluded tomographic analysis. It was shown that x-ray examinations fail to visu-

alize metastatic deposits in slightly more than $0% of the cases. The failures

were most frequent where the metastases were intcrtrabocular and osteoblastic in

nature. Tomograms were not more successful than routine radiography in the dem-

onstration of these metastases.

In a study of abnormalities in the lateral roentgenogram of the neck, the

appearance of dissociation of the ventricular shadow in hemilaryngeal paralysis

was demonstrated and described. By use of tomography a study of the differentia-

tion between functional disturbance of the vocal cords from neoplasms has been

conducted. Although the radiographic appearance of the two conditions may simu-

late each other to a disconcerting degree, the differential diagnosis can be

made •
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Radiological Research Laboratory

Radiological Physics - Work on the dosimetry of neutrons (both "fast" and

"slow") has continued and considerable progress has been made. More reliable

tissue equivalent ionization chambers have been constructed. The appraisal of

the dose component attributable to gamma rays can now be made better by the use

of Teflon ionization chambers in conjunction with the tissue equivalent chambers.

Dr. Karald Rossi has devised a new proportional counter method for the same pur-

pose, which may provide a very good solution of the problem in more general terms.

However, much work remains to be done before the instrument is fully developed-

Mr. Walter Rosensweig is spending most of his time on this problem.

In recent years there has been considerable uncertainty as to whether the

stopping power of water and water vapor for alpha particles was the same (on a

mass basis). Mr. Hobart Elli s has carried out a difficult experiment on this

subject and finds that there is no difference within the limits of experimental

error. This is of great theoretical as well as practical interest.

Mr. William Gross has continued work on the measurement of radioisotopes in

absolute terms, using a new method developed in this laboratory. In the case of

P-^ comparisons with measurements made at the Bureau of Standards show agreement

within 1%. In the case of S^ no intereompari sons have been made because other

methods do not yield accurate results. He has also carried out experiments on

the energy lost by beta rays in producing ions in different gases. Considerable

time has been spent, also, on the calibration of strontium-90 eye applicators and

on the measurement of depth doses produced by them.

Mr . Steward Krakaucr and Mr. Hugh Byfield have prepared beta ray standards

for the calibration of survey instruments by a new method previously developed

in this laboratory. A large number of instruments will be calibrated for the

AEC with these standards in the near future.

Work on the measurement of the radiation dose in a single cell, produced by

radioactive material within it, has been continued by Miss Patricia McClement .

This is a difficult problem and many complications have had to be overcome.
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Radiobiology - Tifork under the direction of Dr. Roberts Hugh comprises

studies in protection, tissue hydration and fertility changes following whole

body x-irradiation of animals. Work in progress may be classified under the

headings of protection (adult and fetus) against acute and chronic exposures to

x-rays | fetal sensitivity (eyes and gonads), attempts to reduce tissue intoler-

ance of mice to human tumors by prior x-irradiation, and the relation of each of

the three phases of estrus to radiosensitivity.

Dr. Ludwig von Sallmann and his group have continued their studies on radia-

tion induced cataracts in rabbits. Some of the experiments were carried out in

the Radiation Laboratory of the University of California, this being the only

laboratory in which powerful beams of deuterons and alpha particles are available.

Drs. John Lawrence and Corneliu s Tobias kindly offered their facilities for these

experiments and cooperated in the work. The results show definitely that these

ionizing radiations are much more effective than x-rays in producing cataracts.

Mr. B ruce Allen and Miss Gwendolyn V/ardwell have been studying the anemia

produced in rabbits by irradiation of the exteriorized spleen only. This effect

was first demonstrated in mice by Mr. Allen last year. The present work is direct-

ed towards the elucidation of the mechanism.

Miss Ruth Hill has completed a study on the photoreactivation of T-. bacterio-

phage under different conditions and together with Dr. Rossi has proposed a theory

to account for the results.

Radioisotope Laboratory - The radioisotope laboratory, under the supervision

of Dr. Edith II. Quimby , operates as a receiving, standardizing, and dispensing

center for all isotopes used clinically in The Presbyterian Hospital. In addition,

the laboratory personnel assist in setting up various isotope research programs

throughout the institution.
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Therapy rath radioactive isotopes - Radioactive iodine continues to be used

in treatment of sone thyroid cancers as described in last year's report. There

are no new developments to report in this program under the leadership of Dr.

Virginia Frantz, nor in the use of radioactive phosphorus in leukemia and poly-

cythemia, under Dr. Harold Jacox and Dr. M. Kligerman. The use of radioactive

colloidal gold in treatment of pleural effusion or ascites due to carcinomatosis,

with 5£5* Kligerman and David Habif, has afforded some remarkable instances of

palliation. The series of treated patients is continually increasing. No new

therapeutic procedures have been developed during the year.

Diagnostic and, tracer studies with radioactive isotopes - The routine or

service part of the isotope laboratory continues to function as in previous years.

Radioactive iodine, both as iodide and labelled human serum albumin, radioactive

phosphorus, sodium, and potassium are received, standardized and dispensed to

various staff members engaged in research projects.

Radioautographic studies are regularly made on all suspected thyroid cancers

at the time of biopsy or surgery. A survey for potential metastases is made at

request of the thyroid cancer groupj this involves use of a relatively large test

dose and point-to-point checking by means of a scintillation counter.

A research problem applicable to cancer which is being carried out in this

laboratory is the attempt to identify liver metastases by external counting.

This is being done by Dr. Samuel Madell , under the supervision of Drs . Quimby and

Kligerrpan and with the cooperation of the staff of the isotope laboratory. The

patient receives 300 |uc of iodine-labelled human serum albumin. Twenty-four hours

later, counts are made over I|.2 points marked on the skin through a grid, having

the xyphoid process as the point of reference. The mean of the L.2 counts is de-

termined, and all counts expressed as a percentage of that mean. These means, for

a series of individuals without malignant disease, are used as points of reference.

For patients being tested, any value differing by more than two standard deviations
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from the corresponding control value is considered abnormal. Data are being ac-

cumulated rather slowly but the method shows promise.

Radium and x-ray physic s - A grant to Dr. Edith Quimby from the American

Cancer Society has supported the work of 2 research assistants on problems con-

nected with radiation dosimetry, Mrs. Victoria de Castro and Hiss Beverly Ginger .

ITork on radiation dosimetry commenced last year on dosage calculation for

horizontal rotation therapy has been completed.

A simpler and more direct method for dosage calculation for vertical rota-

tion therapy has been developed and is ready for publication.

The Mayneord contour projector, developed in England some years ago, has

been widely employed for study of three-dimensional dose distributions with x-ray

beams when circular fields are used. By a simple modification it has been possible

to extend use of this instrument to rectangular fields, and to several other

special problems

.
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Department of Surgery

Radical cancer surgery today is far more extensive in its scope than ever

before. This is made possible by significant advances in technical procedures,

by the contributions of anesthesiology, by the ready availability of potent anti-

biotics, and by the application of physiological principles to pre and post opera-

tive care.

The surgeon is less restricted by the tolerance of his patient for the sur-

gical procedure than by a lack of precise information on the extent of the dis-

section necessary for cure. Knowledge on this very'-important issue can best be

gained by more facts on the pathways of tumor metastasis. During the past year

research on this problem has added valuable insight to help clarify the problem.

In the Laboratory of Surgical Pathology, Dr. Carl Feind , under the super-

vision of Dr. Rafiaele Latte s, has continued a systematic study of the lymphatic

spread of malignant tumors of the head and neck. This study utilizes the method

of clearing of specimens from radical neck dissections. So far, approximately

100 cases have been studied. The careful charting of the involved and uninvolved

lymph nodes on appropriate topographic drawings has increased the knowledge of

the normal and alternate pathways of lymph node spread from cancer of the head

and neck. The average number of lymph nodes found in each case was 63. The in-

cidence of metastases in so-called prophylactic or elective neck dissections has

been I4.6 per cent. This fact alone will certainly influence future surgical han-

dling of these cases.

The study of axillary and internal mammary lymph node metastases from carci-

noma of the breast, also using the clearing method, has continued. This was in-

itiated by Dr. John Pickren, who is at present in the United States Navy. More

than 200 cases of carcinoma of the breast have been studiedj the average number of

lymph nodes found in the axillary fat was 35 »U« The incidence of metastases was

5>6 per cent. This stud;'- has helped in establishing more accurate prognosis fol-

lowing radical mastectomy for carcinoma of the breast.
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The lymph nodes from 29 axillary dissections, which had originally been re-

ported as negative for cancer on routine histologic study, were studied in serial

sections by Dr. Pickren. With this method, microscopic metastatic foci were dis-

covered in four (li$) of these cases which had been reported originally as nega-

tive.

Dr. Robert Grinnell 's studies on the distribution of metastases from carci-

noma of the colon and rectum have contributed greatly to rational intestinal

cancer surgery and are presented in some detail.

(l.) During the past year a clinical study of all cases of squamous cell

carcinoma of the anus admitted to the hospital since 1916 has been carried out.

Forty-nine cases were found, which represented 1.8 per cent of all anal and large

bowel carcinomas admitted during this period. Especial study was given to the

routes of spread of these tumors and the results of treatment. Local spread to

nearby organs, such as the prostate, vagina and bladder, was infrequent and oc-

curred only late in the disease. Spread by the blood stream was rare and occur-

red in only two patients, both of whom had liver metastases. Spread by the lym-

phatics to the regional nodes was frequent. Upward spread to the nodes along the

inferior mesenteric artery was found in seven of 2$ resections, an incidence of

28 per cent. Metastasis to the inguinal nodes was infrequent, occurring in only

four patients and only late in the disease. Upward spread to the perirectal and

mesocolic nodes and lateral spread to the pelvic nodes appeared to be more im-

portant .

Before 19U3* patients treated for cure were treated by both surgery and ra-

diation. Since 19^3 j radiation has been used only as a palliative measure. In

the 38 patients available for 5 year follow-up analysis, the absolute 5 year sur-

vival and cure rates were 3^«8 and 31«6 per cent respectively. Twenty-nine of

these patients were treated with hope of possible cure, 21 by surgery and by

radiation. Two of those treated by radiation were alive after $ years. The re-

lative 5> year survival and cure rates in the surgically treated patients was
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52.lt and U7.6 per cent. Both the absolute and relative survival and cure rates

compare favorably with those previously reported from this hospital for carcinoma

of the rectum.

Since it is questionable whether radiation can destroy cancer in the nodes,

such as the perirectal and mesocolic, it is believed that radical surgery by ab-

dominoperineal resection offers the best chance of cure. As local excision does

not remove the regional lymph nodes , it is not recommended even in small tumors

which often haire lymph node metastases. Radical surgery can be expected to show

still better results in the future.

(2.) In the past several years a study has also been carried out on the

distal intramural spread of carcinomas of the rectum and rectosigmoid. This is

of clinical importance in the controversy as to whether anterior resection or ab-

dominoperineal resection should be the operation of choice in carcinomas of the

recto-sigmoid, and if anterior resection is carried out, what should be consider-

ed to be an adequate margin of bowel distal to the tumor. A total of 12o speci-

mens of carcinoma of the lower colon and rectum were studied, especial attention

being given to 93 which lay from $-1$ cm. above the dentate line, which is the

area of bowel most concerned in this controversy. Blocks of tissue, 1 cm. in

width, were cut belovr the tumor for a distance of at least 3 cm. Four sections

were taken from the upper surface of each at an interval of 250 microns. If more

sections were desired the whole block was sectioned and further blocks taken if

needed.

Retrograde intramural spread from 1-7 cm. in extent was found in 18 out of

93 tumors lying from 5-18 cm. above the dentate line. It occurred in 9, or over

one-half of the 17 tumors removed as palliative resections, and in 9, or 12 per

cent of 76 tumors removed as curative resections. The maximum distal spread in a

curative resection in this group was k cm., 2 cm. in 5 tumors lying less than 5

cm. from the anus, and 1,5 cm. in 28 tumors above the 18 cm. level.
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Retrograde mural spread was chiefly by way of the lymphatics of the sub serosa

and appeared to be caused by the blockage of upward lymph flow by node metastases

with subsequent lymphatic permeation of tumor cells downward. Occasionally it

occurred as the result of permeation of a vein and rarely from direct extension

of tumor cells in the muscularis. Distal spread was most common in advanced

tumors of high grade malignancy, with many node metastases, frequent vein invasion,

and annular involvement of the bowels. It was most frequent in palliative resec-

tions.

In curative resections distal spread did not appear to have great clinical

significance. A margin of 5 cm. of uninvolved bowel would have been adequate in

every case although more is preferable.

Dr. Virginia Kneeland Frantz and her associates have continued work in thyro-

id cancer including detailed study of specimens from radical dissections and seri-

al sections to establish possible histological variations in primary tumors and

their metastases. In collaboration with Drs . Morton Kligerman and Edith Quimby,

Dr. Frantz has embarked on a long-term experimental investigation of thyroid car-

cinogenesis by external irradiation and internal radiation from radioiodine.
"Research

The newly organized Histochemistry Laboratory under the direction of Dr .

Gabriel Godman has had an active and productive year in collaborative studies

with other departments and also in experiments initiated in the Laboratory.

Dr . D. Bloch investigated the cytophotometry of Feulgen and methyl-green

preparations. Employing the visible range of the spectrum he found a nearly per--

fect correspondence of class distributions indicating that the sugar and phosphate

moieties of DMA. are formed at about the same time. 2 , 6-0iaminopu:rine , .thicraracil,

5-nitrouracil, 8-azaguanine, azadenine, benziraidazole, 5>-aminouracil, and myleran,

did not appreciably influence the formation of DNA in surviving cells. The effect

of colchicine, however, on the distribution of DNA "classes" was marked; there was

a progressive increase of polyploid interphase nuclei (to 16 C) with time of ex-

posure up to 26 hours, owing to the reversion of mitotically arrested cells to
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interphase. DNA synthesis per se proceeded at nearly the same rate as normally,

in spite of mitotic arrest.

As a prerequisite to relative quantitation of basic nuclear protein of the

histone type, Drs . Eloch and Godman investigated and validated for microspectro-

photometric use a new dye-binding method with fast green. A technique was elab-

orated permitting Feulgen staining for DNA determination to be followed by fast

green staining for histone determination in the same cell. Direct cytophotometric

comparisons of DNA with histone in identical nuclei of growing tissues gave a very

similar distribution of "classes" for both. The data indicate that the syntheses

of DNA and histone proceed approximately simultaneously and relatedly, although

it remains to be seen whether they are interdependent.

During observations on the growth of sarcoblasts from striated muscle in

tissue culture, it was found that colchicine in concentrations, even below those

causing mitotic arrest ,caused disruption, expansion, decreased viscosity, and

loss of birefringence of sarcoblasts, which, however, remained viable. This was

related to the known effects of colchicine on the mitotic spindle and the cyto-

plasm, and is thought to represent in each case an interference by colchicine

with oriented chains of contractile protein micelles: systems important in many

cell functions.

Dr. Godman found cytochemical differences in lipid, carbonyl group and phos-

phatase content between the free histiocytic cells and the muscle fibers from

which they take origin both in vivo and in tissue culture.

Dr . Cj^Bassett studied the morphological characteristics of modulating osteo-

blasts in vitro; at some stage in their modulation in vitro such cells exhibit .

marked cytoplasmic alkaline phosphatase activity which might be correlated with

their osteogenic potency.

In addition to the projects described above, P_rs» Godman and Bloch are active

in the following collaborative studies:
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1) Microspectrophotometry measurement of DNA and nuclear protein synthesis

in tissue cultured cells, with reference to the mutual relations of these sub-

stances in the course of the mitotic cycle., and to the effects of certain mitotic

poisons and anti-metabolites on their syntheses. In this work, DNA and protein

synthesis in various nonmitotic forms of cell division (meiosis; amitosis) in

tumors, and the effects of certain drugs, remain to be investigated. An effort

is being made to determine whether the processes concerned "with histone syn-

thesis can be dissociated from those connected with DNA.

2) The histochemistry of regeneration and differentiation of striated

muscle, in vivo and in vitro. A correlation of the presence, relative amounts

and localization of nucleic acids, myohemoglobin, lipids, glycogen and certain

enzymes with the successive morphological stages of sarcoblast differentiation

is being made. Dr. E. Hirschberg of the Department of Biochemistry is collabo-

rating in the study of the nucleic acids.

3) Nucleic acid and protein synthesis in regenerating spinal ganglion

neurones in tissue culture. This project is being carried out jointly with Dr.

M. R . Murray , Mrs. E. Peterson, and Mrs. A» Deitch of the Laboratory for Cell

Physiology.

h) Chemistry of the production of mucopolysaccharides by various mesenchy-

mal cells, in mass tissue culture. This project is being carried out with the

Rheumatic Diseases Study Group of the Department of Medicine (Drs . C . Ragan , K.

Mayer, H. Grossfeld) . The types and quantities of mucopolysaccharide produced

in vitro, the substrates, enzyme systems involved, and the effects of hormones

and other agents on this system are under investigation.

5) The growth of osteoblasts in mass tissue cultures is being evaluated

jointly with Dr. Bassett of the Department of Orthopaedic Surgery, as a possible

means of bone graft procurement. The morphological growth characteristics of

bone-forming cells and correlated cytochemistry are under investigation.
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The Laboratory for Cell Physiology is under the direction of Dr . Margaret

R, Murray. The over-all purpose of this laboratory is to investigate a variety

of problems at the cellular level, using the methods of tissue culture. The

cancer research performed here has followed three main linos of interest:

A. Chemotherapy and metabolism of tumors, especially those of human origin,

B. The mechanism of mitosis, approached through mitotic poisons and their in-

hibitors, C. Development of criteria for classification and diagnosis of human

tumors

.

A« Since metabolic pathways differ, between species as closely related as

the rat and the mouse, animal screening programs can offer only preliminary data

on carcinolytic agents for human use. Tissue culture, especially when correlat-

ed with other analytical methods, affords a valuable means of bridging this gap.

For several years, with the collaboration if Dr

s

. J. Lawrence Pool, Alfred

Gellhorn and Erich Hirschberg , Research Associate Edith Peterson has been in-

vestigating potential chemotherapeutic agents for the human glioblastoma. Of

9 compounds tested, $ have been found to be inhibitory in some degree to this

neoplasm in. ^itro* These are 8-azaguanine, benzimidazole, 5>(or 6-)-chlorben~

zimidazole, 6-mercaptopurine and l,U-dimethanesulfonylo:xybutanc (Haddow's GTltl).

A transmissible glioblastoma of mice (methylcholanthrene-induced) is being test-

ed also; and this is found to differ somewhat from the human spontaneous tumors

in its susceptibility to these agents. In lesser degree, the human tumors

(from 12 different individuals) differ among themselves.

B. Determinations of the mitotic coefficient (ratio of dividing to rest-

ing cells) and of phase percentages among the dividing cell population, in a

biological system involving the adult rat fibroblast in vitro, have been stand-

ardized as a quantitative approach to the mechanism of mitosis, with the col-

laboration of Dr. Erwin Chargaff , Research Assistant ITelena Benitog has shown

by a series of rigorously controlled experiments within this biological system

that the effects of colchicine, generally regarded as a spindle poison, can be
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antagonized significantly (50-75 per cent) by three compounds widely different

in chemical structure. These arc meso-inositol (one of the B-vitamins), adeno-

sine triphosphate (a link in the actomyosin system), and tropolone (a simple

heptane analog of colchicine itself). The efficacy of this variety of inhibitors

seems to underline the concept that nuclear division results from a chain of re-

actions which may be interrupted at manifold points, and to suggest that "uni-

tarian" theories of mitotic mechanics should be re-asscssed as to their emphasis.

C. The cultivation of rare and little understood human tumors as they come

provides a gradual but significant accretion of morphological and physiological

information which may be used for many purposes. With the collaboration of Drs.

A. P. Stout, R. Lattes, N . Lane, and M. Melicow, the usually benign ependymoma

has been shown to be capable of metastasizing, a neurilemoma has been found in

the lung (a hitherto unreported site), and the phaeochromocytoma has been found

to produce a cell-type closely resembling that of the sympathicoblastoma.

Dr. Daniel M. Shapiro , together with Dr. L« S. Dietrich of the Department

of Biochemistry, and Dr. Maurice Shils of the School of Public Health, have con-

tinued studies toward the two principal objectives of their research program:

one, to explore the feasibility of utilizing quantitative biochemical differences

between normal and neoplastic cells as an approach to cancer chemotherapy; and,

two, to study the possibility of eradicating neoplastic diseases by the simul-

taneous or sequential administration of combinations of chemical compounds se-

lected upon this basis.

Encouraging data in support of the first objective was obtained through

study of pyridoxine metabolism in a transplantable mammary adenocarcinoma (755)

and the normal tissues of its host, the C57 black mouse. In vitro studies dem-

onstrated that the low pyridoxine content of the 755 tumor renders these malig-

nant cells vulnerable to vitamin B/ antagonist therapy (desoxypyridoxine), and

that testosterone potentiates the carcinostatic activity of desoxypyridoxine by





52

further lowering the vitamin B/- content of the tumor. More recent studies now

reveal that testosterone , although having no apparent effect upon the activity

of vitamin B/--containing enzyme systems per se, markedl;*- potentiates the sensi-

tivity of glutamic-alanine transaminase and dopa decarboxylase to antagonism by

desoxypyridoxine. This phenomenon was observed to occur in all tissues studied

(liver, kidnejf, heart, lung, and tumor).

The results of certain biochemical studies present the possibility that

vitamin antagonists may be synthesized to function solely as specific anti-

en symos, and not as antagonists for all the biochemical functions of the vita-

min. For example, only two (glutamic-aspartic transaminase and dopa decarboxy-

lase) out of three of these vitamin B^-containing enzymes were found to be in-

hibited by desoxypyridoxine therapy. Furthermore, only one of two riboflavin

antagonists affected the activity of a flavo-cnzyme, xanthine oxidase. These

data present the possibility that vitamin antagonists may be useful as highly

precise chemotherapcutic agents, particularly in the presence of a normal

dietary intake.

Progress in the direction of achieving the second objective of this re-

search program has been documented by the addition of the riboflavin antagonist,

6,7-dimethyl-9-hydroxyethyl isoalloxazine (U 2113), to the triple combination

of 8-azaguanine plus desoxypyridoxine plus testosterone => The latter triple com-

bination has been previously shown to exert greater carcinostatic effects

against the 755 tumor than any of the possible smaller combinations of the three

compounds. The results of experiments in which all four compounds are given

daily, reveal that . each drug is contributing to the striking carcinostatic re-

sults obtained. Moreover, preliminary results with eight compound combination

chemotherapy demonstrate that multi-combination chemotherapy can transcend from

carcinostatic to carcinocidal activity.
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Work is currently in progress to clearly define the points of action of the

above-mentioned riboflavin analogue (U-2113). Total riboflavin, FAD, and FffiJ

concentrations are being determined in the 755 tumor and the normal tissues of

its host. In addition, the activity of certain flavoenzymcs following the in vivo

administration of U-2113 is under study.

Additional hormone-en zyme relationships have come under study other than

those already indicated. It would appear that mouse liver xanthine oxidase is

either directly or indirectly under hormone control, inasmuch as both cortisone

and histamine markedly elevate liver xanthine oxidase activity. An indication

that this effect may be indirect is that xanthine administration produces a sim-

ilar response.

The necessity for determining enzymatic activity in tissues of low enzymatic

concentration , such as tumor, has led to the development of more specific micro-

methods. Refined procedures have been developed for measuring dopa decarboxylase

and xanthine oxidase activity.

Drs. C. D. Kaagensen, Leon Dmochowski, and Daniel Moore have continued re-

search on mouse mammary cancer. The mouse colony which supplies test animals and

material for investigations has a current population of llj.,000 mice: RIII highl-

and RHIb low-cancer, A high- and Ax low-cancer, C57 low and C57+ agent-harboring

strains. Separate dairy colonies of these strains are also available, and 500

C57 low-cancer-strain females mated with RHIb males which serve as a source of

(c57xRIIIb) Fl hybrids (test mice). During the past year 7^25 litters have been

raised, comprising 39 ,U$0 mice. The colony for breeding hybrids is being enlarg-

ed to obtain an average of 300 hybrid females a week.

Multiple biological tests of material from suitable test mice of a single

strain have been carried out in an attempt to determine the best source of the

milk agent. The following material from RIII Faris high-brcast-canccr-strain

mice has been tested: whole milk; milk clarified by ccntrifugation at 000 times

gravity for 10 minutes and freed of the resulting fatty layer and deposit; spon-
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taneous breast tumor tissues as a 10$ extract in 0.25 M sucrose clarified by

centrifugation at 600 times gravity for 20 minutes j lyophilized milk and lyophil-

ized spontaneous tumor tissues The tested material was used in serial dilutions

—3 —10
ranging from 10 to 10 which were made in 0.25 M sucrose containing C5>7 mouse

serum in 1:100 proportion to prevent possible loss of activity through adherence

to glassware. The tests were carried out in 17!?0 test mice. Tumors have been

obtained in all dilutions of the five tested materials, but it is too early to

determine which vail prove to be the best source of the milk agent suitable for

further study and also how certain treatments influence the tumor-inducing activ-

ity.

In an attempt to ascertain whether casein or lipoprotein particles carry the

milk agent, RIII high-cancer-strain milk has been fractionated into casein and

lipoprotein fractions by differential centrifugation, following preliminary clear-

ing at 600 x g for one hour. Electron microscopy and biological tests of these

fractions in serial dilutions ranging from 10 to 10" have been carried out.

In the electron microscope the casein as well as the lipoprotein fractions show

the presence of spherical particles varying in size from 2^00 A to less than

300 A° in diameter and differing little in appearance; the lipoprotein particles

perhaps appearing more flat and less dense. So far, 1?U test animals have been

used. The experiment will be repeated until at least U0 test animals will have

been injected with each dilution of the two fractions.

The action of prostate phosphatase and snake venom diestorase on casein

particles has been investigated, These two enzymes have been obtained through the

generosity of Dr. Gertrude 5* Perlmann from whoso work (J. Am. Chem. Soc. 7U, 3191,

1952) it was already known that casein is dephosphorylated by the action of pros-

tate phosphatase. Electron microscopy of casein particles treated with these tvro

enzymes at suitable pK for periods of 2-2U hours has been carried out. The casein

particles do not appear to undergo any appreciable change in numbers or appearance
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following this treatment. On the assumption that casein particles carry at least

part of the activity, biological tests will be carried out on treated particles

to find out if any diminution of tumor-inducing activity takes place following

treatment with these enzymes. Similar tests will be carried out on casein par-

ticles treated with disodium versanate, as in preliminary experiments it has been

observed that suspensions of casein particles become clarified following this

treatment and cannot be seen in the electron microscope.

The study of the electrophoretic mobility of extracts of RIII Paris tumors

,

dried, trypsinized, and differentially centrifuged, has been continued, and a

fraction moving ahead of any visible boundary and containing 119/ug of N per ml.

-5 -1]
has been tested in mice in dilutions varying from 10 to 10 " as well as non-

moving fraction containing l55/ag of U per ml. Additional experiments on those

lines will be done as soon as test animals become available. These fractions are

known to contain spherical particles of 300 A average diameter, and it is hoped

in this way to ascertain the activitjr of such particles and their homogeneity.

Another series of experiments has been started in order to establish the

size of particles showing the highest-tumor-inducing activity. RIII high-cancer-

strain milk in a 10$ suspension in nutrient broth following preliminary centri-

fugation at 600 times gravity for 20 minutes was filtered first through collodion

membranes of 7800 A average pore diameter- Part of the filtrate in dilutions of

lO
-
^ and 10"^ was tested in mice and the rest filtered through 1600 A and 1000

A average pore diameter membranes. Filtrates through these two other membranes

have also been tested in similar dilutions in the test animals. Additional ex-

periments through the same as well as other diameter size membranes are now being

carried out so as to obtain a comparison of tumor-inducing activity of various

size particles from milk as well as from tumor tissue.

Electron microscopic studies have been carried out on thin sections of suit-

ably prepared mammary tumors from agent-containing and agent-free strains, some
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of them isogenic- So far, 3? breast tumors have been examined; 13 tumors from

high- and 19 tumors from low-cancer-strain mice were examined in 8I4.O sections.

Spherical particles with an average diameter varying from 5>00 to 1^00 A have been

observed in the cytoplasm, frequently in the intracellular spaces but not in the

nucleus. In some sections the particles showed internal structure composed of a

dense center surrounded by a lighter zone which in turn was surrounded by what ap-

pears to be a sharply delineated, membrane. The particles have been found in seven

out of ten RIII Columbia, in all four RIII Leeds strain, and in three out of four

C3H high-cancer strain tumors. They have not been observed in six RHIb agent-

free strain tumors, but have been found in two out of five C3Hf (Bethesda) agent-

free tumors, supplied by Dr. W. E. Heston . Similar particles have also been found

in two out of eight C3H (Roscoe B. Jackson Memorial Laboratory) low-cancer-strain

tumors, sent by Dr. C._C_. Little . All low-cancer strain tumors have at the same

time been tested biologically in susceptible mice. In addition, lactating mammary

gland tissue from RIII high-cancer-strain, C57 Black low-cancer-strain, and from

Ax agent-free mice have been studied. Particles, presumably casein or lipoprotein,

similar in appearance with at least some of the particles seen in the sections of

breast tumors, have been found in all the examined sections of these glands. Addi-

tional low-cancer-strain tumors as well as tumors induced in low-cancer-strain mice

by the agent are being studied. It will be important to correlate these findings

with the results of the biological tests of these tumors. Preliminary attempts to

differentiate the particles seen in tumor sections from those of casein have been

unsuccessful because di sodium, versanate, which destroyed fresh casein particles,

failed to have a similar action on casein particles fixed with osmium tetroxide.

Other means will have to be resorted to.

P.1!* Michael Heidelberger has fractionated milk from Rlllb agent-free strain

mice and has used the fractions to absorb the rabbit antisera -against the RIII

strain milk factor as isolated by Dr. Samuel Graff. These absorbed sera are now

being tested against milk factor preparations and against agent-containing and
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agent-free milk. The first tests of so absorbed sera showed strong precipita-

tion with RIII strain milk factor preparations, indicating that there is some

antigen present in the milk factor preparations which is not present in the

factor-free milk of the same strain of mice.
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Department of Urology

Dr. Perry 6 • Hudson and his associates, Drs . A. L. Firkle , J. M. Reiner, H.

Lombardo , M» London , T. D. Price , and K. K . Tsub oi, have continued their broad

studies on problems of genito-urinary cancers.

During the last year, laboratory studies on the prostatic acid phosphatase

enzymes have shown that these substances are specific proteins probably foreign

to human serum except in those instances in which carcinoma has metastasized. A

tentative correlation between the extreme elevation of serum prostatic acid phos-

phatase and alteration in hepatic function has been achieved. The efforts direct-

ed toward the isolation of the enzyme have recently been successful. The phenom-

enon of normal, low acid phosphatase values in patients with known metastatic

carcinoma has been described. Laboratory studies have demonstrated that the en-

zyme is denatured mainly by heat, and this principle has been employed clinically

for experiments which produce an increase in the circulating enzyme by lowering

the body temperature. Observations made in cases of metastatic cancer patients

suffering urinary tract infections with fever have confirmed this laboratory hy-

pothesis regarding the behavior of the enzyme in response to heat. The studies

in enzyme kinetics have been continued. A neutral phosphatase has been studied,

human red cell phosphomono esterase, and the stabilization and inhibition charac-

teristics have been explored.

Theoretical studies have been made in the laboratory on the mechanism of

uremia, and artificially induced uremia has been produced in dogs for this pur-

pose. Techniques for the purification of uricase have been developed, and pos-

sible mechanisms for the potential enzymatic control of uric acid metabolism have

been postulated. The investigations into methodology and the acquisition of

factual and theoretical information precede a clinical study of uremic patients

which will shortly be initiated.

The steroid chemistry problems investigated have included those relating to

the extraction of steroids from human blood. These experiments have been made
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possible by a simplified technique for cannulating the central adrenal vein which

was developed during the last two years. The isolation of specific steroid sub-

stances has been achieved. The principle of dialysis coupled with continuous ex-

traction has been modified to make this isolation practicable. Recoveries of be-

tween 90 and 100 per cent of deoxycorticosterone, cortisone, hydrocortisone, an-

drostenedione and other steroids from blood have been made. The mechanism of

urinary steroid excretion following hormonal depletion surgery has been studied

in connection with bilateral or total adrenalectomy for advanced mammary cancer.

A clinical evaluation of the effective dosage levels of the monoammonium salt of

glycyrrhizinic acid has been made as part of an appraisal of the drug in adrenal-

ectomized patients.

In the laboratories devoted to the study of nucleic acid metabolism, vascular

perfusion and the use of radioactive tracer compounds have been employed in

studies on the biosynthesis of nucleic acid in excised human kidney and testis.

A consistent pattern of isotope distribution has been found in the nuclear and

cytoplasmic pentosenucleic acid of these organs. The metabolic stability of the

nucleic acids continues to be studied. Concurrent with the isotope studies, new

methods for evaluating the radiochemical purity of tracer compounds have been de-

veloped. Techniques for the visualization and identification of compounds have

been so modified that nucleotides, nucleosides and bases from nucleic acid can be

identified on paper chromatograms • Improvement in instrumentation have accompa-

nied this work in paper chromatography.

The clinical evaluation of the effectiveness of several drugs has been com-

pleted. The use of nisentil hydrochloride as an analgesic-narcotic in the prepa-

ration of patients for minor surgical procedures has been initiated and completed.

The use of glycyrrhizin as a maintenance drug in patients following total adrenal-

ectomy has been explored. The oral dosage level of diethylstilbestrol has been

studied, and the effectiveness of large oral dosages in advanced prostate car-

cinoma has been demonstrated.





60

The evaluation of surgical techniques for the early detection of unsuspected

prostatic adenocarcinoma has been continued. After it was demonstrated that

transurethral resection biopsy techniques have little value in the detection of

unsuspected carcinoma, the technique has been abandoned except for the documenta-

tion of known metastatic cancer. Following an appraisal of the effectiveness of

the diagnostic adequacy of the needle and open perineal biopsy techniques in 200

consecutive patients, the value of the open perineal biopsy for the detection of

unsuspected adenocarcinoma was indicated. The effectiveness of this technique

was later demonstrated in a study of 300 consecutive patients. Mortality follow-

ing radical surgery has been appraised, and a constantly decreasing death rate

following such procedures has been noted.

The study of unsuspected adenocarcinoma in the aging male population con-

tinues with the cooperation of the Department of Welfare of the City of New York.

Approximately 2!?0 men enter The Francis Delafield Hospital each year, and there

have been approximately 5>00 admissions of this sort to date. In approximately

1|00 instances, complete clinical evaluations of these men have been obtained, and

early cancer has been detected in approximately 13w of the cases. In order to

obtain closer follow-up of these and other patients, a research service unit has

been established and a biostatistician employed as a member of the staff.

In addition to these activities, which have been under the direct supervision

of the department of Urology, the research group headed by Dr. P. B. Hudson has

engaged in activities which have been collaborative efforts with other depart-

ments in The Francis Delafield Hospital. In association with the Department of

Cardiology, the earlier work on the cardiac risk of patients with genito-urinary

cancer has been completed. In conjunction with the Department of neurosurgery,

investigations of new surgical techniques designed to alleviate long term pain in

cases of metastatic carcinoma have begun. The liaison with the Department of

Pathology continues to be a close one, and work on the microscopic differential

tissue diagnosis of carcinoma continues.
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Introduction

This volume ie dedicated to the foundations and individuals who have made

possible the research of this Institute through financial support. Equally, it

Is a summarizing report to scientific and clinical colleagues throughout the

world who are also devoting their interests and efforts to the study of abnormal

growth. Each year it is reassuring and encouraging to note that we at Columbia

University are a part of a cooperative undertaking with the public and scientific

communities to control the multitudinous diseases known as cancer. Each year, it

seems to us, the work that has been done by the thousands of investigators cuts

this awesome pathological phenomenon down to a size that is more easily comprehend-

ed. Thus the recognition of the probable importance of environmental factors in

the genesis of lung and cervix cancer provides a tremendous stimulus for productive

research which may lead to prevention of a significant proportion of these tumors;

the greater understanding of mechanisms of anemia in neoplastic disease removes

this characteristic and distressing manifestation from the realm of mystery to

the laboratory and clinic for clearly defined study; the discovery of the frequen-

cy of internal mammary node metastases in apparently operable breast cancer explains

why many patients are not cured even though the local lesion has been completely

removed; these and many other examples might be cited to illustrate the point.

Advances In cancer research parallel greater understanding in all areas of

general knowledge and more specifically in biological phenomena. It is for this

reason that support, encouragement and recognition are given to investigations of

biological events vhich are not immediately directed toward clinical applications.

At the Institute of Cancer Research this category is well represented in labora-

tories of Biochemistry, Cell Physiology, Histochemistry, Physics and Biology.

During the past year there have also been a number of studies which have immediate

implications for the patient with neoplastic disease. These include:

The paper electrophoretic analysis of serum and urine has been established

as a specific diagnostic procedure in multiple myeloma; it has been possible by
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the use of supervoltage radiotherapy to eradicate "bronchogenic cancer without sig-

nificant damage to the surrounding normal lung parenchyma; it has been demonstrat-

ed that the erythrocytes from patients with cancer have a normal life span when

transfused to a normal recipient thereby further indicating that a hemolytic factor

is most important in the genesis of the anemia of cancer; observations have been

made on the malignant human brain tumor, glioblastoma multiforme, which indicate

that a chemotherapeutic attack is well within the realm of possibility.

In the succeeding pages the research alluded to will be briefly summarized.

Amplification of the work of the one hundred and fifty-two investigators can be

achieved in part by reading the appropriate references among the one hundred and

forty-eight publications cited in the bibliography of this year.

Alfred Gellhorn, M.D.

June, 1955
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Bloohemietry

As In past years, the menibers of the Department of Biochemistry have stud-

ied many facets of metabolism and of normal and abnormal growth. This report

will touch only upon those investigations which have had preponderant support

from cancer funds.

Dr. Zacharias Pi ache has continued his studies of the mucopolysaccharides

of serum proteins. The muooid split off from human serum glycoproteins by mild

alkaline hydrolysis was analyzed in detail; at least half of this material con-

sists of chains of at least two alternating oligosaccharides, one of which con-

tains fuoose. The aldehydic end group of every oligosaccharide molecule is com-

bined with an amino acid, the nature of which is under investigation.

In conjunction with Dr. Alfred Gollhom of the Department of Medicine,

Dr. Pi ache has undertaken a searoh for possible correlations between certain

types of disease, particularly malignant tumors, and changes in the neutral

mucopolysaccharides of the plasma proteins. Variations of the distribution of

these carbohydrates between individual plasma protein fractions as well as in the

content of fucose and in certain structural factors are under investigation.

Of particular interest is the determination of the relative rates of liberation

of fucose and hexose, a relationship which is characteristic for every one of

the protein fractions and which is altered significantly in the plasma of cancer

patients.

Dr. Stephen Zamenhof has continued, in collaboration with Dr. Hattie E.

Alexander of the Department of Pediatrics, his studies on the resistance of

the transforming principle (heredity determinants, DMA) to mutagenic, carcino-

genic, and carcinostatic agents. It was found that all strong mutagens tested and

some of the carcinogenic and carcinostatic agents produce unstabilization of the

transforming principle prior to actual inactivation. This phenomenon is believ-

ed to be analogous to gene unstabilization prior to mutation. In general, the

parallelism between the phenomenon of gene mutation and the inactivation of
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heredity determinants (transforming principle) by mutagens has been established,

lending support to the hypothesis that the substance undergoing a change in the

gone mutation is DKA.

In another project, Dr. Zamenhof has studied the introduction of unnatural

(halogenated ) pyrimidines into DKA of E. coll. The correlations between the

amount of thymine replacement on one side and the size of the halogen substituent

or the properties of the bacterial strain on the other side have been studied.

The cells with such unnatural DNA were found to have unchanged genotype. It

was noted that whereas replacement of more than ten per cent of methyl groups in

DMA thymine by bromine or chlorine does not result in either inactivation or

demonstrable^ mutation; removal of less than one-half per cent of total amino

groups and/or hypothetical hydrogen bonds to these groups results in total inac-

tivation of DNA.

The Biochemistry Laboratory of the Francis Delafiold Hospital, under the

leadership of Dr. Samue 1 Graff, has pursued studies along a number of different

lines. Mr. Kenneth McCarty is using tissue culture techniques as a means of

studying intermedisary metabolism and as a substrate for virus culture. Ilrs.

Horace B. Gillespie and Morris Engelman have synthesized a number of new

triazoles, imidazoles, and quinoxalines. Several of these compounds, among

them ^-methoxy-5-nitrobenzimidazole and ^-methoxy-6-nitrobenzotriazole, are ef-

fective growth inhibitors of Tetrahymena geleii , a guanine-requiring protozoan,

but none of them affoctod the growth of transplanted mammary carcinoma 755 in

mice. About half of the thirty-seven compounds tested in developing frog em-

bryos by Drs. Kathe B. Liedke and Engelman were found to be inhibitory in vary-

ing degree. Some of the compounds exhibited selective activity toward particular

embryonic stages.

With Dr. Donald Tachudy , Mrs . Ada Graff , and Dr. Margaret Marshall , an in-

vestigation has been carried out to trace possible errors of protein metabolism

15in human leukemia. W -labeled L-aspartic acid haa been used as the tracer in
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this study ae well as in the demonstration by Pro . Elliott ObGerman and

Marshall. Mrs. Graff and Miss Dolores P. lawlor that the protein excreted in

one case of multiple myeloma was synthesized with abnormal opoed and rapidly

excreted "by the kidney A parallel experiment involving the metabolic behav-

ior of parenterally administered adenine in leukemic white cells is being

carried out by Dr, Aaron Freedoan .

Dr. Engelman, Mrs . Graff . Mrs . F. J„ Agate , and Mr.c Gerard Zagol have made

progress in the search for the substance in the milk of old Storrs-Idttle mice

which increases the incidence of leukemia in C58 mice. This substance appears

to be of low molecular weight since it is present in milk ultraflitrate.

Dr, Victor Boss is conducting an informative chromatographic search for

unrecognized or abnormal nucleic acid metabolites in the fluids and tissues of

cancerous mice. Drs, Alvan L. Baraoh , Hylan A, Bickarman . and Gustave Beck

completed an experimental study of the results of acclimatization and the ef-

fects of partial hypoxia on tissue growth. A decrease in tumor weight, without

loss in body weight, ie produced in C57 mice bearing Sarcoma 180 or mammary

carcinoma 755 by maintaining them for 10 days in a chamber at 9.5 per cent

oxygen, The tumors themselves manifested no capacity for increased resistance

to hypoxia after repeated exposure to an acclimatization procedure which mani-

festly protected the host,,





Dentistry

Research in the Department of Dentistry of the Francis Delafield Hospital

continues to "be concerned primarily vith the clinical and laboratory evaluation

of various types ?f drug therapy. Some problems of oral pathology have also

"been investigated. A number of the studies mentioned in last year' s report

have "been "brought to completion and appear as literature references in this

year's bibliography.

Pre . J f D. Hro, E„E. Sproul , E„V. Zegarel11 , and A.H. Kutsober haye evaluat-

ed a series of new local anesthetic agents (cyclaine, bonocaine A, 2-chloro-

procaine, and oracaine) by intra -oral injection into the muco-buccal fold areas

and found them to be free from any gross or microscopic deleterious effects.

With Drg. L, Seffiiin, S. lavia. R„ Ran'kcw , and R. Segall. they have completed

cor
a cross-relation of the differing sensitivities of 265 pathogenic microorganisms

to nine antibiotics according to disc sensitivity tests. With Drs. J. Budowsky

and A. Harnett

,

a study of radiation exposure to the head and abdomen during

oral roentgenography has been carried out.

A number of other investigations by various members of the group are In

progress or are being prepared for publication. These include the following:

studies in humans of the subcutaneous pain threshold with pressure using the

Bardy-Wolff-Goodell algesimeter; evaluation of the effect of antihistamines and

other drugs on the pain threshold; clinical evaluation of phenaphen as an anal-

gesic agent; continuation of the disc sensitivity study to include the newer and

also the older antibiotics In terms of all organisms isolated In the bacterio-

logical laboratory; killing-time studies on Bradosol In vitro against Monilia

-t,
albicans; effect of radiation resulting from full mouth x-rays on the cellular

elements of the blood ; problems In mass dental extractions in adrenalectomlzed

patients; incidence, etiology, and treatment of cheilosis in debilitated terminal

carcinoma patients; histopathology of oral pigmentations and associated intestinal

polyps in Jaegers syndrome; hlstopathological evidence of pathology following
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the injection of local anesthetics alone or in combination with polyvinylpyr-

rolidone; and evaluation of a reported relationship between the occurrence of

torus palatinus and "breast or uterine carcinoma.
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Gynecology

Research in gynecologic cancer continues to "be an important part of the

work of the Department. Studies during the current year may "be outlined under

a number of different headings.

The Steroid Hormones and Cancer

The relationship of steroid hormone metabolism and the development of

various types of new growth, especially those of the reproductive organs, con-

tinues to he an important field for research in the Department. The center of

work in this field is being carried on in the laboratory of Dr. Seymour

IAeberman . Investigations of the nature and amount of 17-ketosteroids being

excreted by cancer patients both spontaneously and under treatment with

chorionic gonadotrophin continues as a major activity. An elaboration of that

problem is a study of the role of the liver in determining the nature of the

excretion of steroid metabolites in cancer patients following the administration

Ik
of exogenous C -labelled steroids. This work under Dr Lleberman 1 s direction

is being carried on particularly by Dr. Samuel Solomon and Mr. Stanley S.

lamer .

Beside the direct clinical studies of the steroids in cancer, the general

investigations of steroid hormone biochemistry and physiology being carried on

by Dr. IAeberman and his group are relevant. These include the biosynthesis of

steroid hormones by means of the perfusion of isolated glands, such as the adre-

Ik
nals, ovaries, testes and placenta with C -labelled materials; the studies of

methods for the synthesis and hydrolysis of steroid glucuronosides and the prep-

aration of steroid-protein complexes and the investigation of their chemical,

immunological and biological properties (with Drs . Bernard Erlanger and Sam

Biser of the Department of Microbiology and Dr. Frederic J. Agate, Jr. of the

Department of Anatomy).

Differentiation in Gynecologic Neoplasms

The program designed to study the cytochemistry and biochemistry of dif-

ferentiation in gynecologic neoplasms, particularly in the epithelial tumors of
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the ovary, has continued along the lines described in the two previous years.

The preliminary steps consist of the collection of all epithelial tumors

of the ovary and their classification according to degree of malignancy on the

"basis of conventional microscopic slides. In an effort to find measurable

qualities of tissue that might be correlated with degree of malignancy, each

specimen is then subjected to a number of biological, cytoohemical or histo-

chemical tests. At the beginning of the work two years ago, some twenty dif-

ferent determinations were selected for investigation. During the last year

most of these have been continued, some have been dropped as impractical and a

few have been added.

Since the beginning of the study on July 1, 1952, a total of lk6 malignant

neoplasms have been obtained, consisting of 39 papillary serous tumors of the

ovary; 22 papillary pseudomucinous ovarian tumors; 18 endometrial carcinomas; jk

epidermoid carcinomas of the cervix and 33 miscellaneous types.

The original grading has been carried out on the basis of routine hema-

toxylene-eosin preparations by Dr. Margaret E. Long, and by Dr. Howard C.

Taylor , Jr . A preliminary part of the work was concerned with a Btudy of the

consistency of grade in individual tumors. A series of clinical cases were col-

lected in which a recurrence or a second tumor developed from a few months to

many years after the time of the first operation and it was demonstrated that

the grade of the two samples was remarkably constant in spite of the lapse of

time. Secondly, some 550 sections from 39 different tumors were studied in

order to determine the consistency of grade in different areas of the same

neoplasm at the time of their removal. It was again determined that the grade

of a papillery serous tumor of the ovary is remarkably consistent throughout

its original extent.

Cytochemical studies have been carried on particularly by Dr. Long, based

upon sections, samples of ascitic fluid and tissue smears. She has been study-

ing ribonucleic acid, succinoxidase, alkaline phosphatase, glucose and a number
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of other substances. The portion of the study already completed concerns the

ribonucleic acid of the nucleolus. Her work has demonstrated that there is a

steady increase in the number of nucleoli per nucleus and in the average size

of the nucleolus per nucleus as the grade of malignancy increases. This observa-

tion represents one rather clear-cut cell characteristic which varies with the

grade of malignancy.

The study of the MA of the nucleolus has been reduced to a relatively

quantitative technique by the actual counting of the nucleoli and by the measure-

ment of the diameter of the single nucleolus. The study of the desoxyribonucleic

acid (DM.) cannot be undertaken by this method. To solve the problem of measur-

ing DNA, Dr. Saul Eader has recently been added to the staff and is undertaking

the measurement of this substance by spectrophotometric methods.

The biochemical study of the nucleic acids, in relation to grades of malig-

nancy, is being carried on by Dr. Dudipala V. N. Reddy with a laboratory in the

Delafield Hospital. His work has involved the isolation of the nuclei by dif-

ferential centrifugation and the study of the amounts of each nucleic acid.

Based on the study of ten ovarian and nine special tumors, he has found a tendency

for the tumors of higher grade of malignancy to show a higher composition of DKA

per nucleus than the benign tumors. The ratio of RNA. to DMA appears significant-

ly higher in the benign and borderline tumors than in the malignant ones.

Enzymatic studies have also been carried out by Dr. Reddy on samples of

these tumors. There was a tendency for the enzyme systems D-amino acid oxidase,

cytochrome oxidase and succinoxidase to disappear toward the more malignant end

of the tumor series. Dr. Reddy is now working on the rate of uptake of radio-

active phosphorus by tumors of different grades of malignancy, but the results

in this field are too preliminary to report at present.

Within the general program for the study of differentiation of tumors, Dr .

Selena DeRoetth is carrying out certain metabolic studies and is investigating

the soluble proteins of tumors. In general, the results show a progressive in-





13

crease in the rate of oxygen uptake with increasing malignancy, this year's re-

sults "bearing out in general those obtained in previous years. Work on the in-

corporation of C -labelled glucose is in progress but results are still prelim-

inary. The soluble proteins of ovarian tumors are being measured both by the

Tiselius and by paper electrophoresis. There is some evidence that the type of

protein may vary according to the different degrees of malignancy.

In collaboration with the workers in the College of Physicians and Surgeons,

studies with samples of identical tumors are being carried on by Dr. Michael J.

Kopac . Professor of Biology at New York University Washington Square College.

His group is particularly concerned with ultimate cellular behavior, including

tissue culture, micrurgy and special cytologic and cytochemical reactions of

single cells.

The work on the degrees of differentiation, or otherwise expressed, upon

the grades of malignancy, has proved as complicated as was expected. It does

appear at this point that certain differences are appearing which may make it

possible more precisely to define those qualities of the cell, chemical and

biological, which characterize it as malignant.

Studies on the Transplantation of Human Tumors

A small laboratory has been established under the direction of Dr. Harold

M.M. Tovell to study the problems of the heterologous transplantation of human

iumors into alien species, namely into weanling rats and hamsters. Twenty-two

gynecological tumors have been transplanted, of which two have shown themselves

to be serially transplantable. The preliminary work indicates therefore that

possibly 90$ of human tumors may be transplanted and that 5 to 10$ may then be

serially transplantable. This is a confirmation of work done elsewhere and ap-

pears to lay the ground for a number of important future experiments.

Badiosensitivity

The problem of decision between radiation and surgical treatment in cancer

of the cervix continues a vital one. Efforts to solve this by histological
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techniques for detecting radio- sensitive cases continues in many institutions

throughout the world. The work in this institution is under the clinical direc-

tion of Dr. Saul Gusberg in cooperation with Dr. Margaret E. Long in charge of

histochemical techniques. The method here, in contrast with that elsewhere, is

based upon the effect of small preliminary doses of radiation upon the cancer

cell particularly upon the nucleic acid components of the nucleolus. On account

of the time required to collect sufficient cases and to observe outcomes, it is

evident that this work will require many years to complete,

The Ovary in Cancer of the Cervix

Work previously reported attempting to measure quantitatively the amounts

of functioning ovarian tissue and to relate these, if possible, to the develop-

ment of neoplasms in the gynecologic organs continues. Much progress has been

made in the actual number of ovaries studied, but the requirements of statistical

significance indicate that several more years may be required to arrive at

either a positive or negative conclusion.

Clinical and pathological studies of gynecologic cancer continue in many

directions. Dr. Iandrum B. Shettles has published a paper on chorionepithelioma

of the uterus and Dr. Ferdinand H. Flick and Dr. Richard S. Banfield, Jr. have

reviewed the pathology and end results in cases of granulosa cell tumor and

thecoma of the ovary. Dr. James A. Corscaden has continued his interest in this

subject and has published papers on the "Interstitial Radium Treatment of Cancer

of the Cervix" and on "The Management of Carcinoma of the Corpus", respectively.

Be has completed the revision of the second edition of his book "Gynecologic

Cancer".

CLINICAL INVESTIGATION IN GYNECOLOGICAL CANCER

The plan set up three years ago for a cooperative approach by the divisions

of radiotherapy and gynecological surgery continues. The original plan called for

an alternation of cases, wherever justifiable, between a plan of therapy which

was predominantly by radiation and one that was primarily surgical. This plan
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has been continued for cancer of several types, but has been abandoned in some

situations -where one method has appeared rather definitely more promising than

another.

Stages I and II of cancer of the cervix are being treated by two methods.

One group is being referred for an immediate operation consisting of a radical

hysterectomy followed by lymph node dissection. The other group is receiving

full primary radiation therapy and then, after a three month interval, subjected

to an operation for removal of the iliac lymph nodes through an extra-peritoneal

approach. The two series should eventually give interesting data on the relative

value of surgery and radiation as the treatment of choice and should rather soon

lead to conclusions as to the effectiveness of x-ray in diminishing the frequency

with which iliac node metastases are found. In the more advanced cases, immediate

surgery has been at least temporarily abandoned and all cases receive the pos-

sible benefits of radiation before an exenteration operation is considered.

Progress in the last year should also be noted in the improvement of the

follow-up system, which has been brought about by Dr. David B. Moore . The sys-

tems in the gynecological clinics of the Presbyter ian and of the Delafield

Hospitals have been made similar and set up under one set of workers. This

should add greatly to the accuracy and completeness of follow-up data being

obtained.
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Medicine

The widely varied problems of disseminated neoplastic disease provide

fruitful areas for investigation. During the past year studies have been

carried out at the laboratory and clinical levels on such diverse subjects as

mechanisms of anti-tumor drug action, experimental chemotherapy of animal and

human tumors, protein and electrolyte metabolism in human cancer patients, the

anemia of malignancy and tobacco tar carcinogenesis. The research has been

carried out in laboratories at the College of Physicians and Surgeons, and the

laboratories and medical wards of the Francis Delafield Hospital. Many of the

investigations have been cooperative ventures among various members of the

staff. This has been particularly true of the clinical cancer chemotherapy

studies. Tie professional staff includes the following:

Jonathan Bishop, M.D. Paul Marks, M.D.

Daniel Choy, M.D. Jan Mijnssen, M.D.

Charles Crandall,M.D. Elliott Osserman, M.D.

Jack Davidson, M.D. Helen Ranney, M.D.

Philip Feigelson, Ph.D. Laszlo Reiner, M.D., Ph.D.

Ealner Fried, Ph.D. Martha Safier, M.D.
*

*
Helga Schwarz #

Alfred Gellhorn, M.D. Tae Sup Song, M.D.

Erich Hirschberg, Ph.D. Sedat Yorukoglu, M.D.

George Hyman, M.D. = Resident House Officers

In the following paragraphs work in progress as well as that completed

during the year will be briefly summarized.

Dr. Jack D. Davidson was joined this past year by Dr. Philip Feigelson in

a continuation of studies upon the mechanisms of action of anti-tumor drugs.

Up to the present attention has been focused upon the effects of these com-

pounds on nucleic acid metabolism. The techniques employed have involved

radioactive tracers and enzyme studies.
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The tracer work has used P^2 orthophophate, C -formate, and adenine-8-C .

These have teen employed to investigate the influence of drugs upon nucleic

acid "biosynthesis in solid and ascites tumors in mice. 8-Azaguanine caused

marked inhibition of the incorporation of the adenine skeleton into "both adenine

and guanine of ENA and MA. This was accompanied by depression of the specific

activity of the free hypoxanthine in the tissue. More extensive studies of the

acid-soluble purine intermediates have recently "been started. These have been

facilitated by the development of methods for the liquid scintillation count*-

ik
ing of C in purines. Radiophosphate studies were completed for 27 compounds

in the Cancer Chemotherapy Screening study of the American Cancer Society and

the results have been published.

Enzyme studies to determine the precise biochemical locus at which anti-

tumor drugs exert their effects were initiated by examining in vitro effects of

these drugs on certain isolated enzyme systems. It was found that adenosine

deaminase, an enzyme important in the catabolism and possibly the anabolism of

the purine ribosides, was profoundly inhibited by 8-azaguanine in both homoge-

nates of tumor 755 and in purified enzyme preparations. Pharmacological concen-

trations of 8-azaguanine induced inhibition and a concentration of 0.001 M 8-

azaguanine completely inactivated a purified adenosine deaminase preparation.

The precise mechanism by which the 8-azaguanine inhibits this enzyme is currently

under investigation.

Studies on the degree to which mammalian tissues may form adaptive enzymes

are being continued. Recent findings indicated that subsequent to prolonged

parenteral administration of xanthine C57 mice developed elevated liver xanthine

oxidase and adenosine deaminase levels. This suggests that both adaptive enzyme

and sequential adaptive enzyme formation may occur. The precise mechanism under-

lying this phenomenon is being further explored in an attempt to ascertain

whether this is truly induced enzyme formation or whether these changes reflect

a non-specific response possibly hormone mediated.
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Dr . Elliott Osserman has continued studies of the serum and urine proteins

in neoplastic diseases, particularly multiple myeloma. The introduction of the

technique of filter paper electrophoresis as the routine method for serum pro-

tein determinations on ward and clinic patients of the Delafield Hospital, has

afforded a unique opportunity for a comprehensive survey of the qualitative and

quantitative changes of these blood constituents associated with various tumors.

From this survey, the series of cases of multiple myeloma has "been extended to 75.

This has provided a much broader perspective of the clinical and biochemical

variants of this "disease group". To date, the aerum and/or the urine electro-

phoretic patterns have demonstrated the presence of a unique and characteristic

abnormality in all but three of these 75 cases. These particular 5 cases did,

however, exhibit one major phase of the protein derangement of myeloma, i.e.

the striking deficit in production of normal gamma globulin.

Physico-chemical studies of the myeloma globulins are in progress. Of par-

ticular interest has been the observation of a systematic difference in carbo-

hydrate content between the serum and urine myeloma globulins when both are

present in a particular case. It has been found that the serum constituents

react strongly with periodic acid-Schiff (PAS) treatment, whereas the correspond-

ing urine constituents are PAS-negative. Further exploration of this carbohydrate

aspect has been undertaken in cooperation with Dr. Zacharias Piache in an attempt

to identify the carbohydrate bound to the abnormal myeloma globulins.

In cooperation with Dr. Samuel Graff of the Biochemistry Division, a study

has been carried out on the dynamics of incorporation and turnover of N^-label-

led L-aspartic acid in the abnormal serum and urine proteins of a case of mul-

tiple myeloma. The results of this experiment indicate that these two proteins

have quite dissimilar turnover rates, and are apparently independently elaborat-

ed.

Dr. George Hyman has pursued studies on the mechanism of anemia in cancer.

The results of initial investigations on the problem of the unexplained anemia
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which appears with advancing malignant neoplastic disease disclosed a hemolytic

factor present in patients with carcinoma as well as with lymphoma and leukemia.

It was found that routine studies used to demonstrate increased hemolysis such

as reticulocytosis, increase in indirect serum "bilirubin, increase in fecal

urobilinogen and urinary urobilinogen, and increases in red cell fragility did

not appear either consistently or to any degree in patients with anemia. Using

the Ashby technique of differential red cell agglutination, it was found that

the life span of erythrocytes from normal donors was considerably shortened

when transfused into patients with malignant disease. These studies were con-

firmed in other experiments in which the donor cells were labelled with radio-

active chromium 51. Attention was then turned toward the status of marrow ac-

tivity in anemic cancer patients. Using radioactive iron 59 in association

with marrow aspiration studies, it was found that marrow activity and rates of

erythropoiesis were apparently normal or increased in the majority of these pa-

tients, although the increase was not more than one or twofold at most. This

demonstrated that marrow replacement is not a major factor in the genesis of

the anemia in malignant neoplastic disease.

A sidelight of this study indicated the ease and feasibility of iliac

marrow aspiration in the documentation of metastatic neoplastic disease involv-

ing bone marrow, in that 10$ of 650 cases selected at random, on the Medical

Service at Francis Delafield Hospital, yielded specimens of marrow that reveal-

ed tumor cells in clumps. This method is being applied to the preoperative

survey of certain patients with apparently operable carcinoma in an attempt to

avoid unnecessary surgery.

The latest investigation from this laboratory has concerned itself with a

possible intrinsic defect in the red blood corpuscles of patients with neoplastic

disease. In a study of % volunteers from Sing Sing prison and 26 patients from

Francis Delafield Hospital it was found that whereas normal red cells transfused

into patients had a considerably shortened life span, the red cells from the
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patient when transfused into normal volunteers had a normal or almost normal

life span. This seemed to document the absence of an erythrocytic factor and

gave additional emphasis to the presence of a hemolytic plasma factor in pa-

tients with this condition. Studies are under way to elucidate the nature of this

factor, and to determine the effect of anti-tumor therapy on it.

Studies were made on the effect of total "body radiation, nitrogen mustard

and triethylenemelamine on the hematopoietic system of cancer patients. It was

found that these patients were able to tolerate larger doses of total body radia-

tion without significant depression of rates of erythropoiesis than had ever been

considered possible, up to a total of 150 r. It was also found that determina-

tions of rates of erythropoiesis with Fe^ were sensitive enough to detect small

changos produced by low doses of nitrogen mustard and triethylenemelamine.

Dr. George Byman has cooperated with Dr. Algernon Reese of the Eye Institute

in studies of children with bilateral retinoblastoma. Combination therapy has

been evaluated using triethylenemelamine orally, intramuscularly, and even via

the intra-arterial route together with orbital radiotherapy. This technique

seemed to yield more satisfactory results in the treatment of retinoblastoma

than had previously been obtained with radiotherapy alone. This was shown by an

increase in the apparent cure rate with useful vision and by the decrease in the

late sequelae of retinal hemorrhage.

Dr. Paul Marks joined the Jtedical Staff this year and has organized the

Metabolic Ward and Laboratory for clinical research on disturbances of metabolism

in neoplastic disease. Investigations are in progress on changes in electrolyte,

mineral, nitrogen and carbohydrate metabolism associated with malignant tumors,

but results are still too preliminary to report. Dr. Jonathan Bishop is col-

laborating in these experiments.

Dra . Daniel Choy , Jan MijnsBen and Alfred Gellhorn have devised a model

clinical experiment to evaluate the anti-emetic activity of chlorpromazine. In

this project the placebo and the active drug are packaged in coded containers
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and neither the patient nor the evaluating physician knows the code. This

"double blind" test provides better opportunity to avoid any bias in noting

the results of any experiment. It is anticipated that the observations will

be completed within the current year.

Dr. Sedat Yorukoglu has studied the phenomenon of hypermetabolism in pa-

tients with disseminated neoplastic disease. In this investigation the basal

metabolic rate, radioactive iodine uptake and the protein bound iodine has

been correlated. Similar observations have been made in thyrotoxic subjects.

It was found that many cancer patients had elevated basal metabolic rates but

normal uptake of radioiodine by the thyroid and normal protein bound iodine con-

centrations in the blood. In thyrotoxic patients these values are all uniformly

increased and are decreased by the administration of cortisone or ACTH. The

adrenal cortical steroids do not modify the hypermetabolism associated with

cancer.

Dr . Charles Crandall and Dr. Sedat Yorukoglu have been cooperating with

the Urological Service in an evaluation of bilateral adrenalectomy in breast

cancer. An attempt has been made to study all possible parameters preoperative-

ly with the objective of determining those criteria which may be most useful

in selecting appropriate cases for the procedure. The results to date do not

as yet suggest which criterion or which criteria are helpful. Of particular

interest in the investigation has been the frequency of hypercalcemia and the

value of intravenous ethylenediaminetetraacetic acid in the treatment of this

serious complication.

Dr . ffelga Schwarz has carried out a careful clinical study of a patient

with Wegener's necrotizing granulomatosis. This unusual 13 year old patient

has had a fascinating course in which the life saving action of cortisone and

meticorten have been dramatically demonstrated.

Dr . Alfred Gellhorn and Dr. Erich Hirschberg served as Chairman and

Executive Secretary in an inter-institutional investigation of cancer chemo-
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therapy screening methodology. The study, carried out "by 2k investigators in

eight institutions, consisted of the evaluation of 7^ biological systems includ-

ing experimental animal tumors, microorganisms, systems involving differentiation

and development, and biochemical synthetic reactions as possible guides for the

anti-tumor activity of a selected series of twenty-seven compounds. Drs .

Gellhorn and Hirschberg were responsible for four of the seventy-four individ-

ual systems (three transplanted tumors and the slime mold Dictyostelium dis-

coideum ) and were active in the overall conduct of the study; collection, anal-

ysis, and correlation of the data; and editing of the final report which was

published as a supplement to Cancer Research .

The evaluation confirmed and extended previous observat tons on the varia-

bility of response among experimental neoplasms to chemotherapeutic agents; no

single tumor was able to select all useful agents and a spectrum of tumors was

shown to provide a greatly improved screening system. None of the non-tumor

systems ncluded in this study were afcle to replace a tumor system as a screen-

ing tool for carcinoetatic agents. Correlation of the data obtained in experi-

mental tumors with information available on the clinical effectiveness of a num-

ber of these agents pointed up the incompleteness of present clinical knowledge

on the response of human neoplasms to many compounds which are active against

experimental neoplasms.

The investigation of the response of brain tumors in vitro and in vivo to

a variety of chemotherapeutic agents continues in collaboration with Dr .

Margaret Murray and Miss Ruth Fricker . Mouse Glioma 26, a methylcholanthrene

induced transplantable brain tumor, is the chief source for these studies. In

addition to the purine analogs 6-mercaptopurine, thioguanine, and 8-azaguanine,

several sulfonoxyalkanes, benzimidazoles, and acridines have been tested. In

general, the tissue cultures of this tumor are more easily inhibited than the

cells in vivo , since they can usually be exposed to higher concentrations of

the agent under investigation. Occasionally, however, as with 6-mercapto-
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purine, effective carcinostasis in the mouse is accompanied by failure to af-

fect the tumor in tissue culture; the reasons for this discrepancy are under in-

vestigation.

This type of study has now been extended into another direction. It has

been mentioned in earlier reports that samples of human glioblastoma multi-

forme can be grown in tissue culture and that this system can be used for the

evaluation of carcinostatic agents. It has also been found that tumors ob-

tained from different patients may differ in their response to these agents

types
for a variety of reasons, including distribution of various glial cell, in the

sample and growth rate of the tumor. With a view toward possible clinical ap-

plicability of tissue culture results, a series of patients with these malignant

brain tumors have been given chemotherapeutic agents selected on the basis of

the response of their particular tumor in vitro following removal at operation.

Since survival time of these patients is the most adequate criterion of thera-

peutic success, it is not yet possible to assess the value of this procedure;

however, the clinioal trial of agents selected on this basis has been sufficient-

ly encouraging to warrant further attempts to correlate in vivo and in vitro

effects.

In the tissue culture trials with these samples of human tumors, the most

interesting group of compounds to date are a series of acridine derivatives,

which appear to be at least a hundred times more effective than 8-azaguanine

in vitro . These compounds are under active investigation at the present time.

Dr . Erich Hirschberg has continued studies on biochemical mechanisms of

differentiation using the slime mold Dictyostelium discoideum. It has been

found that a number of 2,^-diaminopyrimidines and dihydrotriazines inhibit im-

portant steps in differentiation. Reversal experiments, now in progress, have

demonstrated that folic acid and uracil effectively counter the action of these

antibacterial, antimalarial compounds in this system.
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Dr . Laszlo Reiner and Dr. Alfred Gellhorn have investigated the intracel-

lular localization of quinacrine in normal and neoplastic cells. This project

was undertaken "because of the suggestion made by others that there was a hither-

to undescribed intranuclear component with a high affinity for quinacrine. In

a series of in vitro and in vivo experiments in which whole cells and separate

components were exposed to varying concentrations of the compound, the conclusion

was reached that quinacrine was not specifically bound by any cell component

and that the cellular distribution could be accounted for on a physico-chemical

basis. The studies here mentioned led to the trial of acridines against brain

tumors as described in an earlier paragraph.

Many of the members of the group have participated in the clinical evalua-

tion of cancer chemotherapeutic agents. The following have been particularly

responsible for this activity: Drs . Charles Crandall , George %man. Sedat

Yorukoglu , Ifelen Ranney and Alfred Gellhorn .

The drugs which have been studied during the past year are: Nonane (l,k-

dimethylsulfonoxynonane ), CB 13^8 (p-carboxypropyl)phenyl bis beta chloroethyl-

amine), quinacrine, Meticorten, 6-mercaptopurine and Sarkomycin. The - •

results of these therapeutic trials have been collected for the Cancer Chemo-

therapy Center of the National Cancer Institute. The Tcble summarizes the

overall results.
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Neurological Surgery

Three broad avenues of investigation are being pursued by the Department of

Neurological Surgery at the Francis Delafield Hospital. These are l) development

of methods of relief of pain for patients with cancer, 2) collaborative efforts

with members of the Departments of Medicine, Surgery and Eadiotherapy to influ-

ence, biochemically, malignant tumors of the brain, and 5) the acquisition of

knowledge of function of the nervous system which may be obtained by careful ob-

servation of neurological changes effected during neurosurgical procedures for

relief of pain.

Dr . J, Iawrence Pool and Dr. Kemp Clark have developed a technique for deliver-

ing small, carefully regulated, electrical stimuli to the depths of the frontal

lobes for relief of pain. They have collaborated with Dr. M. Lombardo and Dr .

Perry Hudson in a study of blood and urine steroid changes produced by the fron-

tal lobe stimulation*

Pre,. Thomas Bridges and Clafrk
,

are investigating a method of "quantitatively"

producing frontal lobotomy by injection of warm, normal saline into the frontal

lobe through small trephinations. It is possible to produce sufficient interrup-

tion of fiber pathways to relieve pain, without producing such side-effects as ex-

treme lethargy and indifference and is of greatest value in making terminal pa-

tients comfortable. There have been no undesirable side-effects from such injec-

tions.

Drs. J. L. Pool. J. Bansohoff and T. Bridges are collaborating with Dr. Alfred

Gellhorn in studies of the effects of oral "antimetabolite" drugs upon malignant

tumors, some of which receive concurrent radiotherapy as an additional factor.

Drs . Clark and Bridges have developed a method of continuous intracarotid ad-

ministration of water-soluble antimetabolite drugs, to produce a higher concentra-

tion of drug in a brain tumor.

Operative procedures for relief of pain have offered an opportunity to study

physiological processes of the human nervous system, inasmuch as the nervous system
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is usually normal in these patients with visceral carcinoma. A study of the ef-

fect of stimulation of dorsal and ventral nerve roots upon vasomotor responses in

the digit has "been completed by Drs . Melvin Yahr and Thomas Bridges.

Observations of the reactivity of cerebral vessels have "been made by Drs .

Yahr. Clark and Bridges . It has been found that cerebral vessels are maintained

in a state of moderate constriction, that they react to external stimulation and

that these reactions are reduced by interruption of the cervico-thoracic sym-

pathetic outflow.
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Pathology

Investigations "begun the previous year "by Dr. Silvio Fiala. Dr . Edith

Sproul . Mr . Martin Blutinger and Mrs . Anna Fiala were enlarged and the report

of the findings accepted for publication. This was a study of the cytoplasmic

particulates of normal and tumor tissue by high speed centrifugation. Fractions

were checked in the electron microscope with the aid of Mr. Kenneth McCarty .

The "basophilia of the various subcellular particles was demonstrated by the use

of pyronine and correlated quantitatively with their EHft content. This histolog-

ic "basophilia was related to the microsomal or chromidial fractions. Quantita-

tive differences existing "between tumor and normal cells and "between rapidly and

slowly growing tumors in content of heavy and light particles were found. Tumor

tissue is characterized "by scarcity of large granules (mitochondria and heavy

chromidia), reduction in amount of small chromidia (microsomes) and predominance

of basophilia In non-sedimented smallest nucleoprotein granules. Tumors are

thus distinguished from pancreas in which mitochondria are also scarce but

heavy and light chromidia abundant.

Studies on the interdependence of cytoplasmic particulates by Drs . Fiala

and Sproul and Mrs . Fiala were continued. In one aspect of the work, the effect

of ACTH on subcellular fractions of the adrenal gland was Investigated to de-

termine what structural changes accompany the induced hyperfunction. The find-

ings concerning this tropic hormone bear on some of the fundamental problems of

normal and pathologic growth. It was demonstrated that ACTH promptly provokes an

increase in adrenal cytoplasmic SUA and growth of the basophilic chromidial

system independent of cell division. The delayed Increase In mitochondria

seemed to be dependent upon the chromidial system.

Another avenue of study by the same investigators had to do with the lo-

calization of binding of the cancerogen 3,4-benzpyrene to the proteins of the

KNA-rich chromidial system of mouse epidermis rather than to the mitochondria

or large chromidial granules. Benzpyrene was found to have no effect on respira-
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tion of mouse epidermis slices although its presence in the skin could be dem-

onstrated. The evidence suggests that the cancerogen may act by diverting

protein synthesis from the formation of differentiated respiratory mitochondria

to a hyperproduction of a simpler glycolytic system.

Dr. Sproul and Mr. Blutinger have teen comparing by histochemical technics

the intercellular cement substance, stromal ground substance and vascular base-

ment membranes of normal, benign and malignant human tissues. Conclusions can-

not be drawn until a variety of lesions are examined. Msanwhile changes in

epidermis and stroma were observed during the course of methylcholanthrene

cancerogenesis in mouse skin. While the chemical nature of the alterations can-

not be defined by colloidal iron or metachromatic staining, the findings suggest

depolymerization or hydrolysis of the acid mucopolysaccharides before character^

istics of malignant cells appear in the epithelium. This work is continuing in

expanded form.

Dr . Gerald Fine with Dr. Furdy Stout has been reviewing the osteogenic

sarcoma of the soft tissues accumulated in the Presbyterian Ffospital and in

the literature in an attempt to define their behavior and establish criteria

for differentiating them from atypical forms of myositis ossificans.

Dr . Fine has also been collaborating with Dr. I. Vasserman of the Depart-

ment of Surgery in studying the histologic and metabolic changes resulting from

removal of segments of small bowel and (or) by-passing the ileocecal valve.

Dr . Irene Roeckel with the assistance of Mrs . Lucile Seguin began an at-

tempt to culture whole pituitary gland In anticipation of the performance of

human hypophysectomies. Lucite chambers after Trowell were constructed. Dif-

ficulties in sterilization sufficient for long term organ culture required al-

teration of the recommended procedure. Proper media were Investigated by cul-

turing the anterior pituitary gland removed at autopsy. No contamination was

observed in cultures carried for four weeks. Growth stimulation was minimal.

Dr . Sproul has been assisting Dr. Kutscher of tho Department of Dentistry
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in studying the tissues of patients with Jaeger's syndrome. A report of familial

hyperkeratosis of the oral mucous membrane was also prepared "by these collabora-

tors.
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Radiological Research

In the Radiological Research Laboratories, under the direction of Dr. G.

yallla , emphasis has "been placed on radiological physics and radiotiology.

Radiological Physics

A number of calibrations involving tissue equivalent ionization chambers

have been performed including a comparison vith a different type of neutron

dosimeter. Experimental measurements of the LET (linear energy transfer) dis-

tribution of 3 neutron sources have been carried out and the results compared

with theory. In addition, further work on the characteristics of the LET

measuring device was performed.

A special ionization chamber has been constructed for the separate assess-

ment of various radiations incident upon borated tissue.

Beta ray dosimetry utilizing chambers and internal gas multiplication is be-

ing explored as a specific example of the general application of dosimetry at

collecting voltages in excess of saturation.

Data ha-vebeen obtained on radiation-induced leakage in the dielectric of

ionization chambers having small volumes.

Improvement in source preparation technique makes possible the use of the

Symmetrical Electrodes 2 TC Counter with lower energy beta-emitting radioisotopes

by reducing selfabsorption. P-32 disintegration rate comparison with Argonne

National Laboratories gave satisfactory agreement.

Further experiments on the determination of "W" have been carried out. The

stopping power, relative to air, of several gases has been calculated from

Bethe-Bloch theory and the results are in very close agreement with the experi-

mental values of Bersh reported last year,

A new method of determining the number of disintegrations per second for K

capture isotopes is described. It has been tested with the gamma rays of Au-198.

Experimental data have been obtained which indicate that the mere attainment

of a plateau on a saturation curve is not sufficient proof that all the ions pro-
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duced in an ionization chamber are being collected. This may help explain

energy dependence of "W" for alpha particles.

Investigation of the tissue dose produced "by radioisotopes when highly

localized in small regions by means of "wall-less" ionization chambers has con-

tinued. Some difficulties encountered in this work are described and the design

of a new ionization chamber to aid in this investigation is outlined.

Depth dose determinations have been made on several plane, thin sources of

beta ray emitters of uniform surface density. The results of calibration of

many commercial survey instruments using these determinations are given.

A method for simulating x-ray depth, dose curves by light absorption and

scattering in a water suspension of gum gamboge and a dye is described. It has

been found that individual depth dose curves can be reproduced accurately enough

for practical purposes.

Radiobiology

Dr , Roberts Hugh and his associates have conducted studies on the relation

of sex, estrus cycle, and hydration to radiosensitivity in the mouse and have

shown that female mice are more resistant than males to an ID/50/3O day exposure

to x-rays, and females in estrus are afcout twice as radiosensitive as those in

dlestrus.

The protection of fetuses from normally lethal doses of radiation by injec-

tion of cysteinamine into the pregnant mouse has been reported.

Observation of the effect of radiation on the eyes of fetuses x-rayed on

gestation day 12.5 or I3.5 indicate that the fetal eye exhibits remarkable

powers of repair and regeneration aided by the radioresistant primitive neurec-

toderm.

A comparative study of the early cytological radiation effects on the lens

epithelium of mice, rats, rabbits, dogs, cats, and rhesus monkeys has been under-

taken. Some results suggest an association between the proliferative activity

of the lens epithelium in individual species and its radiosensitivity. In con-
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junction with this study, the influence of x-radiation on the composition and

metabolism of the lens capsule and the lens itself is "being investigated.

A study of post-irradiation protection of rabbits by injection of "splenic"

plasma is described. The splenic plasma is plasma derived from blood taken di-

rectly from the splenic circulation of normal rabbits. Injection of this plasma

into irradiated rabbits appears to influence favorably their survival in compari-

son with that of control rabbits receiving total body irradiation only.

The inactivating effects of x- and ultraviolet radiations on bacteriophage

T-^ appear to be independent when the two types of radiation are administered con-

secutively. Similarly, the effects of heat and ultraviolet are found to be in-

dependent when administered consecutively but only if the phage is in aqueous

suspension during treatments. If the phage is exposed to UV in the dry state,

and subsequently heated while still dry or in aqueous suspension, its sensitivity

to heat is increased.

Exposure of E. coli B or B/R to a wavelength band from 3200 & to k600 A pro-

duces a very slow reduction in colony formation but a much more rapid reduction

in the ability to produce phage Tp Tj_ phage surviving ultraviolet radiation is

also not reproduced by previously illuminated bacteria. Work is in progress to

determine whether the effects of the illumination can be reversed.

Radioisotope laboratory

The radioisotope laboratory, under the supervision of Br. Edith H. Quimby ,

operates as a receiving, standardizing, and dispensing center for all isotopes

used clinically in the Presbyterian Hospital. In addition, the laboratory per-

sonnel assist in setting up various isotope research programs throughout the

institution.

Therapy with_radipactiye_isot o_pe_s

Radioactive iodine continues to be used in treatment of some thyroid cancers

as described in last year's report. There are no new developments to report in

this program under the leadership of Dr. Virginia Frantz, nor in the use of radio-
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active phosphorus in leukemia and polcythemia, under Dr. Harold Jacox and Dr .

Morton Kligerman . The use of radioactive colloidal gold in treatment of pleural

effusion or ascites due to carcinomatosis, with Dr. Kligerman and Dr. David Habif

,

has afforded some remarkable instances of palliation. The series of treated pa-

tients is continually increasing. Wo new therapeutic procedures have "been develop-

ed during the year.

Diagnosti.c_and_t'racer st udiejs with__radi. oactive_i sot oj3e
s_

The routine or service part of the isotope laboratory continues to function

as in previous years. Radioactive iodine, both as iodide and labelled human serum

albumin, radioactive phosphorus, sodium, and potassium are received, standardized

and dispensed to various staff members engaged in research projects, Those ap-

plicable to cancer will be reported by the responsible investigators.

Radioautographic studies are regularly made on all suspected thyroid cancers

at the time of biopsy or surgery. A survey for potential metastases is made at

request of the thyroid cancer group; this involves use of a relatively large test

dose and point-to-point checking by means of a scintillation counter.

The search for a satisfactory technique for localization of brain tumors

with the aid of radioactive isotopes has been going on for some time in several

institutions. Success depends upon higher uptake of radioactive material in the

tumor than in surrounding tissues, and in satisfactory collimation of the radia-

tion from the tumor, to minimize the direct and scattered radiation from the rest

of the head. A project here has been set up with Dr. Juan Taveras and Dr. Edward

Schlesinger of the Neurological Institute and Dr. Baraid Rossi and Dr. Quimby of

Radiological Research. Apparatus has been developed which appears to give promise

of better results than methods previously tried; clinical work is about to be

started.

Radium_and_x^ray_phys_i£s__

The work commenced last year on dosage calculation for horizontal rotation

therapy was completed and has been published. A simpler and more direct method
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Radiology

Presbyterian Hospital

Br . Harold Jacox has continued studies on the results of radiotherapy in

carcinomas of the "breast, lung and uterus.

Dr . Russell Wigh and Dr. Ezekiel Freed have conducted a radiodiagnostic

study on carcinoma of the esophagus in vhich greater precision in delineating

the extent of the disease has been attempted. In a number of cases the wall of

the esophagus can be visualized as a soft tissue shadow separate from the barium

column. In carcinoma of the esophagus, in addition to the filling defect, a

thickening of the esophageal wall may be appreciated in the x-ray films. This

represents submucosal Infiltration which always extends well beyond the apparent

mucosal tumor. The observations are helpful in deciding the size of portal nec-

essary for radiotherapy or as a guide to the surgeon of the extent of esophageal

resection required.

Drs. Russell Wjgh and Nora duV. Tapley have Investigated the radiological

characteristics which distinguish primary and secondary tumors of the colon.

The project was stimulated by the observation of several patients with breast

cancer who developed intestinal symptoms and radiologic evidences of bowel tu-

mor. At laparotomy these were found to be metastatic deposits rather than an-

other primary tumor. In the study to date, the smoothness of the tumor mass and

the presence of Intact mucosa suggest a metastatic Intestinal cancer. The ana-

tomical localization of such tumors is in the submucosa and the metastatic path-

way is hematogenous.

Drs . John Fertig, Edith Qujmby, M, Kligerman and Samuel frhdell have con-

1^1
ducted a carefully controlled study of the accuracy of I -labelled albumin for

the diagnosis of intrahepatic metastases. It had been reported by others that

tagged albumin localized in liver metastases and that the gamma rays from the

radioiodine could be accurately detected through the abdominal wall. The investi-

gations in this laboratory, using an accurate directional counter, failed to
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confirm the previous reports. No significant difference in the radioactivity

of normal liver and liver metastases could be detected.

Br . Morton Kligerman has initiated studies with Dr. Daniel Shapiro on the

effect of radiation and cytotoxins on tumors in mice. The results to date are

too preliminary for discussion,

Drs. Juan Taveras, Edward Schlesinger , Barald Bossi and Edith Quimby are

attempting to develop improved techniques in radioactive isotopic localization

of brain tumors,

Francis Pelafield Hospital

A. Radiotherapy

Drs . Maurice Lenz and Ruth Guttmann . together with their associates, have

emphasized studies to standardize the tumor dosage needed for clinical restraint

60
of various regional cancers by the use of 2 MeV x-rays and Cobalt radiation.

Inherent radioaensitivity characteristic of the cancer under treatment, its

superficial extent and invasiveness, as well as regional lymph node involvement,

are the chief factors which influence the outcome of supervoltage radiotherapy,

Just as with more conventional irradiation. Tumor doses of 5000 - 6000 r in

five to six weeks have been followed by growth restraint in a few deep-seated

cancers of limited extent, not usually controlled by less penetrating irradia-

tion, but also by failure of the treatment in many other more extensive cancers.

The irradiated normal tissues seem to tolerate these high tumor doses better

when given with supervoltage than with more conventional type of x-ray in the

200 or 250 K.V. range. Thus, there have been arrested some cancers of the base

of the tongue, maxillary antrum, cancer of the larynx with fixed vocal cords,

cancer of the breast with internal mammary node metastases, recurring multiple

papillary carcinomas of the urinary bladder, and some cancers of the cervix

uteri

.

Of Ik carcinomas of the lung thus treated and examined post mortem by Dr .

Edith Sproul . three failed to show any evidence of persisting cancer in the
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treated area. Marked palliation of cough, reduction of expectoration, bleeding

and pain and perhaps some prolongation of survival was obtained in the majority

of 100 carcinomas of the lung investigated by Dr. Guttmann .

A special study was made of cancer of the esophagus by Drs . Thomas 0'Grady

and Ienz . Review of the literature and of kO personal cases treated on the

60
2 MeV and Cobalt equipment suggests that cancer of the esophagus primarily

spreads in a vertical direction along the submucosal lymphatics, and is often

much more extensive than it would appear from esophagoscopy or x-ray examina-

tion. Metastasis to lymph nodes draining the primary site is the rule, espe-

cially in locally invasive and extensive cases. Cancer of the cervical esophagus

in most instances metastasizes to intrathoracic lymph nodes and in only a small

percentage to cervical lymph nodes. Those arising in the thoracic esophagus

involve not only peri-esophageal and bronchotracheal lymph nodes, but in a

goodly percentage alBO the sub-diaphragmatic lymph nodes. Diagnosis is usually

made only after silent involvement of these various lymph nodes has already

taken place. Thus, any improvement in treatment of the primary tumor in the

esophagus by surgery or radiotherapy is not likely materially to change the

poor survival statistics after these purely local methods of treatment. Rad-

ical excision or irradiation of all lymph node involvement is practical only

if this involvement is of limited extent, :L,e, when the primary lesion is small

and superficial and has as yet not given rise to extensive, inaccessible and

clinically unrecognizable regional lymph node metastases. Improvement of local

surgery or radiotherapy is therefore lees likely to increase survival than

earlier diagnosis. This may be facilitated by the more general and earlier use

of biopsy via the esophagoscope and of x-ray study of the mucosal pattern of the

esophagus, whenever there is the slightest suspicion of esophageal cancer. The

tendency to silent vertical extension and regional lymph node involvement should

be taken into consideration in planning either surgery or radiotherapy in the

individual patient.
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B. Radiodiagnoals

Dr . Arnold Bachman and his associates Drs . Doris Bate , Rose Louie and Jose

Guzman have continued an active investigative program on the many problems of

radiological diagnosis in neoplastic disease. During the past year work was

completed on a radiographic-pathologic study of skeletal metastases. In this

valuable contribution it was demonstrated that all intertrabecular and many

osteoblastic metastases failed to be identified radiologically. The greatest

accuracy in x-ray diagnosis occurred when osteolytic tumors were present.

Dr . Bachman and his associates completed a study of the radiological char-

acteristics of colon cancer which extends into the stomach. A project of bi-

lateral femoral venography was concluded with the demonstration of the feasibil-

ity and usefulness of visualization of the pelvic veins and plexuses.

During the present year a number of new studies have been initiated. Drs.

Louie and Guzman are investigating the value of duodenal displacement as a

criterion of retroperitoneal tumors as contrasted with hepatomegaly. With the

wealth of material which comes through the x-ray department it has been possible

to show that this sign is of little value in the differential diagnosis.

Dr . Doris Bate has started a systematic study of the frequency, time of ap-

pearance, radiographic characteristics, differential diagnosis and duration of

pulmonary fibrosis following radiotherapy of breast cancer. This is an important

and practical issue since large doses and many sites are being radiated in the

treatment of this tumor.

Dr. Bachman , together with Dr. Charles Crandall of the Medical Service, is

studying the radiographic usefulness and toxicity of large doses of cholografin

in intravenous cholangiography. Although dooes up to three times the usual dose

have been employed (120 cc rather than kO cc), significantly superior visualiza-

tion of the biliary tree has not been achieved.
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C. Radiobiology

Dr. Anna Goldfeder has investigated the effects of lethal x-radiation on

cellular "biochemical constituents. In mice receiving total body x-ray it was

found that alkaline phosphatase concentrations in the duodenum, liver, spleen,

kidneys and mammary glands were not affected whereas the adenine level in the

liver was significantly reduced as compared to control animals.

In a "brilliantly conceived and executed series of experiments, Dr. Goldfeder

studied the question of whether or not it is possible to induce immunity in

homozygous hosts to endogenous tumors by irradiation of these tumors. Under the

experimental conditions of her experiments, Dr. Goldfeder was unable to demon-

strate that palliative or curative radiotherapy made the tumor antigenic for its

isogenetic host. These experiments are of particular interest at the present

time because of the recurrent interest in tumor Immunology. Dr. Goldfeder *

s

studies point out the need for careful and critical protocols in this area.

During the current year Dr. Goldfeder observed a spontaneous transformation

of a carcinoma to a sarcoma in a tumor of DBA mice on serial transplantation.

The suddenness of the change indicated that a mutation had occurred rather than

that cell selection played a dominant role.
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Surgery

During the past year, the electrogastrogram laboratory under the direction of

Dr . Edmund N. Goodman has added the services of Dr. Henry Colcher of the Depart-

ment of Medicine and Dr. Melvin Schwartz , a statistician attached to the Depart-

ment of Surgery. The work has proceeded along two lines: l) experimental, and

2) the continuation of a gathering of clinical data.

The experimental work has been directed towards a more critical evaluation of

electrodes and the accuracy of placing electrodes. This is being channeled to the

development of an intragastric balloon containing five electrodes which will cover

the representative areas of the stomach and which will be synchronously recorded.

This is being done in conjunction with x-ray verifications of the position of the

electrodes. Also, an attempt is being made to study quantitative electrical form.

The clinical investigation has been concerned with the studying of an unse-

lected group of asymptomatic patients with the purpose of a long term follow-up

in correlating the electrogastrogram with the development of objective gastric

pathology. A second clinical phase has been the development of a more objective

method of interpreting the electrogastrogram recording by the use of a punch card

system of punching characteristics and with the aid of a statistician who is work-

ing out a statistical method for the interpretation.

Dr . Robert Grinnell and Dr. N. Lane have continued their study of adenomatous

polyps and papillary adenomas of the colon and rectum. The results of analysis of

patients with squamous cell carcinoma of the anus have been published and the

distal spread of carcinoma of the rectum and rectosigmoid has been described.

Dr . Daniel M. Shapiro , together with Dr. L.S. Dietrich of the Department of

Biochemistry, Dr. Maurice Shi Is of the Department of Surgery, and Dr. Peter

Wolkonsky of the Department of Medicine, has continued studies toward the two

principal objectives of their research program: l) to explore the feasibility of

utilizing quantitative biochemical differences between normal and neoplastic cells

as an approach to cancer chemotherapy j and 2) to study the possibility of eradicat-
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ing neoplastic diseases "by the simultaneous or sequential administration of com-

binations of chemical compounds selected upon this basis.

Further attempts at documenting quantitative "biochemical differences between

the 755 mammary adenocarcinoma and the normal tissues of the C57 mouse revealed

the tumor to possess a relatively low coenzyme A concentration. On this basis,

three pantothenic acid or pantetheine analogues (omega-methyl pantothenic acid

and omega-methyl pantethine and bie-(beta-pantoylaminoethyl)Pdisulphide ) were

evaluated for carcinostatic aotivity, the best of them being bie-(beta-pantoyl-

aminoethyl )-disulphide.

In anticipation of their eventual sequential blockade of the Krebs citric

acid cycle in tumor tissue, the compound fluorocitrate was evaluated and found

to possess carcinostatic activity. In vitro data reveal the mechanism of action

of f luorocitrate to be that of blocking the utilization of citric acid. Addi-

tional in vitro data comparing fluorocitrate and fluoroacetate document interest-

ing and probably important differences placing emphasis on fluorocitrate as a valu-

able compound in attempts at the multi-combination chemotherapy of cancer.

Sequential blockade attempts with a folic acid antagonist and a methionine

antagonist revealed synergistic activity of this combination against the growth

of the 755 mammary adenocarcinoma. The latter two compounds have also been eval-

uated in combination with a previously proved quadruple carcinostatic combination

(8-azaguanine + testosterone + deoxypyridoxine + a riboflavin antagonist), with

the demonstration of the advantages of employing large numbers of ant i -metabolites

in combination. The six compound combination results stress the distinct possi-

bility of obtaining increased anti-tumor effect with decreased toxicity due to

emphasis upon the "multi" aspect of combination therapy — it would appear that,

the greater the number of anti-metabolites, selected wherever possible on the

basis of known or anticipated quantitative differentials, the greater the thera-

peutic index attained.
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Dr . C.D. Baagensen , together with Pre . Michael Heidelberger, Daniel Moore

and Otto Plescia have continued experiments to isolate, identify and character-

ize the agent which produces mammary cancer in mice. Experiments have shown

that the agent is present in greatest amount in mouse milk; indeed, preparations

of milk diluted down to 10"^ are active when they are injected into peritoneum.

A whole series of such dilution experiments have shown the best manner in which

to secure the agent and prepare it for inoculation. During the year it has "been

discovered that the agent is not visible, as had hitherto been thought, in the

electron microscope, because treatment of milk preparation with a chelating

agent clears the electron microscope preparations of all visible bodies, yet

leaves the ability of the preparation to produce mammary cancer undiminished.

Experiments are in progress to separate the agent from other proteins by means

of starch column electrophoresis. To provide material for the research, an

animal colony of pure bred strains of mice totaling about 9000 mice is maintain-

ed. This colony has also been useful in helping to establish strains for other

research workers.

During the current academic year Dr. Raffaele Lattes and his associates in

the laboratory of Surgical Pathology have worked on the following projects in

the area of cancer research: Dr. Carl Feind has completed a systematic study of

the surgical specimens from 130 cases of elective radical neck dissections done

for malignant diseases of the head and neck. He found that in k-7 per cent of

these cleared surgical specimens there were lymph nodes which contained meta-

static tumor. This significant observation points to the necessity of neck dis-

sections even in the absence of clinically demonstrable lymph node metastases.

Dr . John Plcfarenihas continued his study of serial sections of axillary lymph

node dissections from patients with carcinoma of the breast, which were reported

negative on routine histological sections. In 18 per cent of the cases studied

so far (35 cases) microscopic deposits of cancer cells were discovered. This

study confirms findings of others and emphasizes the difficulty of evaluating the

extension of malignant disease by the usual routine histological sections.
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Dr . Nathan Lane has completed a study of 11 cases of squamous cell carcinomas of

the upper respiratory tract and digestive tract. These tumors are associated with

bulky pseudosarcomatous growths and have generally been mistakenly classified as some

type of sarcoma.

Dr . B. Lattes , in collaboration with Dr. J. Malm , has analyzed 106 adults with

malignant melanomas of the skin who have been followed for five years or longer.

Some important features brought out by this study include: a) 26 per cent of the pa-

tients were alive without recurrence after five yearsj b) when a regional lymph node

dissection was done and no metastases were found, 57 per cent of the cases survived

five years or longer. Only 15 per cent of the patients with regional lymph node meta-

stases survived for five years or longer; c) certain types, such as the subungual

melanoma and the "freckle" type of melanoma have excellent prognosis.

Dr . E. Lattes , in collaboration with Mr. Saran Jonas , has reviewed the histolog-

ical type and the follow-up of 26 patients with thymoma. An attempt was made to clas-

sify these tumors from a histological point of view and to correlate the pathological

findings with the clinical prognosis. This study confirmed the view proposed by

Castleman that thymomas are often locally invasive but metastasize only exceptionally.

The ffistochemical Besearch Laboratory , under the direction of Dr. Gabriel

Godman, has carried forward an active investigative program during the past year.

Drs. C.A. L. Basset t, David P. Bloch , Arlene Deitch , and Benry Grossfeld , Miss

Prisollla Goettler , and Mr. Charles C, Morris participated in various aspects of

this program. It had previously been shown in the laboratory that DNA and histone

are simultaneously doubled in amount during the interphase period preceding cell

division, and that the histone is present in relatively constant amount with re-

spect to DMA per cell. Further cytophotometric studies with a method devised in

this laboratory in which the methyl green binding and Feulgen techniques for esti-

mating DNA content, and the fast-green method for histone, are applied successive-

ly to the same cell have disclosed important differences in the desoxyribonucleo-

protein complex of rapidly proliferating cells (called autosynthetic ) as compared

with non-dividing, presumably functional cells (called heterosynthetio ). De-
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phase cells, but did not occur in diploid autosynthetic or dividing cells. This

was found to be due to the presence of a competing nonhistone protein, presumably

the s-called "residual protein". Elimination of the inhibiting protein groups

restored methyl green uptake.

The parallel increases in Feulgen and methyl green staining DMA during the

period of doubling before mitosis of autosynthetic cells also indicate that no

stage during MA synthesis is characterized by an abundance of relatively unpolym-

erized DMA intermediates, which would be revealed by their decreased methyl green

binding. In another interesting study, measurements of individual infected cells

of the human viral skin papilloma at various stages in the intracellular lesions,

have shown that as intranuclear infection progresses, there is a marked augmenta-

tion in the production of DMA to polyploid levels which is apparently ultimately

shifted to the virus-containing inclusion. Studies are in progress to determine

whether the increase occurs in regular multiples, and also to establish the rela-

tionship of the additional DMA to the formation of histone protein.

The cytological characteristics and localization of nucleic acid, glycogen,

phosphatase, and changes in dye-binding in regenerating sarcoblasts at successive

stages of their differentiation are being studied. In collaboration with Dr .

Erich Hjrschberg of the Department of Biochemistry, a sharp increase of .pentose-

nucleic acid (EMA) was found to occur in experimental rabbit muscle infarcts it-

days after injury corresponding to the appearance of undifferentiated sarcoblasts

whose cytoplasm is rich in EMA. This increase appears to be sustained during the

period of differentiation*, when specific cytoplasmic protein is being formed.

Preliminary to cytochemical work on the cultured neuron, an adaptation of

the method of freezing-dehydrating suitable for tissue cultures, required elabora-

tion. The technique developed involves quenching the cells in isopentane at the

temperature of liquid nitrogen, and "substitution" in ethanol at -kO C. This

preserved cell morphology excellently, and left most constituents, including

proteins, in optimal condition for cytochemical tests.
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alkaline phosphatase and other characteristics of osteoblasts. With continued

residence in vitro over long periods, especially in transplanted -cultures, the

population of phosphatase-positive cells is lost. Experiments are "being conducted

to induce the reappearance of cytoplasmic alkaline phosphatase and osteogenicity

in these and other mesenchymal cells by various means. The acid mucopolysaccha-

ride production of different forms of hone and of cartilage in mass cultures is

also under study.

In collaboration with Dr. Levy of the School of Dental and Oral Surgery, it

was found that exposure to crystalline Lathyrus toxin causes the formation of

chordomas in Amblystoma larvae. A description of these experiments, and their

interpretation in the light of the known action of the toxin was published.

Successive methyl green binding with and without acetylation of protein basic

groups and Feulgen and fast green staining were used to determine the presence and

state of DKA and histone in the specific bodies of lupus derivative from cell nu-

clei, The previously reported depolymerized state of DHA in these bodies and nu-

clei was confirmed. However, it was found that histone could not be detected in

the IE cells and bodies, at any stages of their formation. This appears to be a

unique instance of the disappearance of stainable histone from nuclear material

with preservation of altered DKA. This evidence points to the possibility that

the histone protein moiety of cell nuclei is attached and degraded by the circulat-

ing lupus factor, and is worth further study.

The Laboratory for Cell Physiology , under the direction of Dr, Margaret

Murray, is completing its most active and most populous year to date, with so many

investigators (8) that space and equipment are once more at a premium notwith-

standing its recent expansion (k years ago) into new quarters.

Research interests, which are concerned at long range with problems at the

cellular level approached by the methods of tissue culture, may be grouped for the

current year under three headings: l) Factors governing the health of the normal

cell, its differentiation and function. 2) Extension of existing culture tech-
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niques for application to emerging requirements. 3) Various oncological problems.

In the first category an important contribution was made "by Mrs . Helena

Benitez through the collaboration of Dr. D.W. Woolley of the Rockefeller Institute

for Msdical Research. This suggests a possible mechanism by which the vasocon-

strictor serotonin and certain of its antagonists may act to bring about mental

disturbance. In 1951 it was shown by Lumsden and Pomerat that normal oligo-

dendrogliocytes have a pulsatile function, the contractions being temporally of

the order of those in smooth muscle. Our tests on human fetal oligodendroglial

cells in vitro show that these respond to serotonin by entering into prolonged

contraction, as do various types of smooth muscle cells in vivo . Two serotonin

analogs, medmain and 1-methylmedmain, which antagonize its action on smooth

muscle, also antagonize its effects on cligodendroglia, lysergic acid diethyl-

amide, however, which releases serotonin-induced contraction in smooth muscle of

artery and uterus, seems to intensify the contraction produced in oligodendroglio-

cytes. When applied in the absence of serotonin, LSD has a relaxing effect which

may obliterate normal pulsation.

Dr . John Paul (Rockefeller Travelling Fellow from the University of Glasgow)

has shown that cobalt exerts a differential toxicity upon cultured dorsal root

ganglion cells as compared with their supporting cells and with explanted skin,

heart, and liver tissues, The characteristic appearance of the poisoned cells

suggests a profound disturbance of the neuron's osmotic relationships.

Dr . Arj ene Deitch haa undertaken a cytological and cytochemical study of

nerve cell differentiation in vitro, in cooperation with members of the Histo-

chemistry Laboratory. She is presently concerned with the changing pattern of

cytoplasmic constituents, especially the distribution of Mssl substance in the

living cell, which she is recording by phase contrast photomicrography.

Mrs . Edith Peterson, who is investigating the nutrition of the neuron by

the use of chemically defined media, has found that a synthetic medium of Parker

and Healy which is sufficient to maintain fibroblasts and allow them to prolif-
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erate will not support dorsal root ganglion cells without the addition of tissue

extracts. Her recent work on myelin formation in vitro and the circumstances

surrounding it has "been presented by invitation at three international medical

congresses, Eer advice and help have "been invaluable assets to our whole group

who are studying nervous tissues in vitro.

In the subject of the second category, several advances have been made. Dr .

Deitch has successfully adapted a freezing-substitution method of fixation to

tissue culture preparations. Mrs . Peterson and Dr. Deitch , with other members of

the laboratory, have shown that the type of glass is an important factor in the

maintenance and survival of long-term cover-slip cultures of highly differentiat-

ed tissues such as nerve and muscle. Mrs, iusnitez , with the assistance of Dr.

Bassett , is developing a strain of normal adult rat fibroblasts for use in modi-

fied mass culture experiments. Dr, Stanley Craln is accommodating existing cover-

slip culture'.methods by chemical and mechanical means to further development of

his work on electrical activity of single, intact neurons in vitro . Dr .

Lasfargues , who has recently spent some time at the Strangeways Laboratory in

Cambridge, England, learning methods of organ culture in vitro , is adapting these

to his problem of modifying normal mouse mammary tissue by direct application of

the Bittner agent. Mrs . Yiveca Bjffrklund is learning standard methods of tissue

culture for adaptation to use in immunological studies on human tumors in vitro ,

wherein she will assist Dr. Bertil Bjo'rklund on their return to the Karolinska

Institute, Stockholm,

In the third category (that of cancer research ) efforts have continued, in

collaboration with Drs. Arthur P, Stout and E. Lattes , to extend existing diag-

nostic criteria for human neoplasms. Also continued is the program previously

undertaken with the cooperation of the Department of Neurosurgery and of Drs .

Alfred Gellhorn and Erich Hirschberg , to attempt a systematic exploration of

chemotherapy for the human glioblastoma multiforme. Tissue cultures are made

from biopsy material taken at craniotomy and are subsequently exposed to poten-
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tial carcinolytic agents; this is followed in suitable cases "by clinical trial of

agents selected on the "basis of their destructive action on the patient's tumor

in vitro. So far the most interesting group of compounds used in this investiga-

tion has "been a number of acridine derivatives, which destroy glioblastoma tissue

in vitro at exceedingly high dilutions. Comparative studies in vitro and in vivo

on a transmissible mouse glioma also are "being pursued. In general, correlation

"between the effects of specific chemical agents on the mouse tumor and on the

human tumor is poor.

With Dr. Bertil B.lflrklund , Visiting Fellow in tfedicine, Mrs . B.lo'rklund is

conducting preliminary studies on the effects of an immune factor upon human normal

and neoplastic cells in vitro. This destructive agent is obtained from the serum of

a horse which has been immunized against a variety of human cancers.

Dr. Etienne Lasfargues, formerly of the Pasteur Institute at Garches, has

undertaken in collaboration with Dr, Pari Muore a project designed to determine

whether the Bittner milk agent can be sustained or proliferated in cultured tissue

and whether malignancy can be induced in normal tissue by the introduction of the

agent. Be has succeeded in the first step, which involves obtaining characteris-

tic early mammary differentiation in cultures of fetal mouse skin.

Surgical Service, Francis Delafield Hospital

During the past year a continuation of the studies relating to the nutri-

tional importance of the small intestine has been effected in the animal labora-

tories of Columbia ChiYersity and in the Delafield Hospital. Previous work by Dr.

Arnold J. Eremen and his associates has demonstrated that the distal half of the

small intestine appeared to be a most important segment for absorption of fat and

protein materials. Further confirmation of this thesis has been obtained during

the past year in the animal laboratory. These studies have been pursued by Dr .

Isio F . Wasserman with the assistance of Mlsa Annie M. Treacy .

A continuation of the studies by Dr. Cushman D. Haagensen and hie associates

on the routes of spread of mammary carcinoma has been carried out. Studies con-
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tinue to demonstrate a strikingly high percentage of metastases to the internal

mammary chain from cancer of the "breast.

Within the Department of Surgery at the Delafield Hospital, Dr. Otto Li lien

has been able to demonstrate tissue specific antigens and to produce tissue specif-'

ic antibodies particularly to thyroid tissue. This has been a very important dem-

onstration wherein Dr. Li lien has been able to show that thyroid tissue can be

destroyed specifically by the injection of such antibodies. Similar work has

been carried on in an effort to demonstrate antibodies to pancreatic tissue,

various sorts of tumors, and also to a pituitary tissue. In some of this work,

Dr . Li lien has been assisted by Dr. Melyin Horwitz .

In the clinical field further efforts to improve therapy of cancer of the

esophagus have been carried out, A program has been instituted wherein patients

with carcinoma of the thoracic esophagus have been treated initially with a high

dose of radiation administered by the 3upervoltage techniques,) At the completion

of this therapy they have been operated upon and the esophagus removed. It is too

early to appraise results of this approach to the problem except to state that it

is technically possible to remove the esophagus after it has been heavily irradiat-

ed.

On the Head and Neck Service at the Delafield Hospital, Dr. Varham Bakamjian

has been continuing the work in development of plastic techniques for reconstruc-

tion of surgical defects following extensive excision for cancer in this area.

During the past year, a start in the field of chemotherapy for solid tumors

has been made, A preliminary screening study attempting to treat solid visceral

cancer with thioguanine has been underway under the direction of Dr. Hugh

Auchincloss and Dr. Fred M, Herter . To date the results of these efforts, al-

though of interest, have failed to demonstrate any effective influence of this

agent on solid tumors in the human.

A study attempting to define the effectiveness of per oral feeding preparations

administered by gastrostomy and jejunostomy have been carried out by Dr . Clara

Stein . These studies are still underway at present and results are not available.
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Urology

Dr. Perry B. Hudson and his co-workers, Drs . T.D. Price , M. London , K.K.

Tsuboi and M.E. Lombardo, have continued laboratory and clinical research in

genito-urinary cancer.

During the past three years the studies have fallen into three main cate-

gories: (l) nucleic acid metabolism; (2) enzymology; and (3) steroid hormonal

chemistry. Within these categories three kinds of experimental projects have

been undertaken - those which are purely laboratory in nature, those which are

clinical or clinical-pathological, and those which are combined laboratory and

clinical problems.

In the laboratories devoted to nucleic acid chemistry a fluoroscope and

Geiger counter for measuring ultraviolet absorption of chromatograms has been

developed. Systems have been developed for enhancing the light absorption by

various compounds in the chromatograms customarily used to separate substances

important in the nucleic acid complexes. In addition, specific-activity determina-

tion has been greatly improved as a result of the development of an ultraviolet-

photon counter. These improvements in technique, coupled with studies on the

molar absorption relationships in chromatographic densitometry, have been incor-

porated into the study of nucleic acid metabolism in excised, whole human organs.

Surgically removed human testis and kidney have been subjected to vascular per-

fusion techniques and subsequent analysis of tissue. These studies have by no

means been completed but continue into the coming academic year.

Refinement of the techniques for the removal of non-steroidal pigments in

urinary extracts and further development of methods for the extraction of stero-

ids in blood have made possible the detailed analysis of human adrenal vein blood

taken from patients with different kinds of malignant tumors. Also the analysis

of steroids extracted directly from adrenal glands removed surgically has been

accomplished. In order to clarify some of the data accumulated in this and other

laboratories upon urinary steroid content, an in vitro perfusion of the dog kid-
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ney has been undertaken. The principal purpose of these experiments is to deter-

mine the metabolism and conjugation of steroids in the change from blood to urine

phase during the passage of these substances through a functioning kidney. Early

results from these experiments indicate that the kidney is not capable of forming

conjugates such as glucuronidee, and that steroids added to the perfusate are not

recovered as glucuronides from urine excreted during vascular perfusion of the

isolated kidney.

The usefulness of glycyrrhizin in pharmacological maintenance of the adrenal-

ectomized patient in steroid metabolic studies has been verified. This technique

is still being employed in the department for certain feeding experiments which are

readily performed during the post-adrenalectomy period.

The detailed studies upon the theoretical nature of inactivation and stabili-

zation of purified human red cell phoephomonoesterase have been tentatively conclud-

ed. In connection with this, the fluoride inhibition and specific kinetic proper-

ties have been studied in connection with the purification of human red cell phos-

phomonoesterase. The differences between this enzyme and the prostatic acid phos-

phatase have been made clearly apparent, especially in experiments upon fluoride

inhibition and heat denaturation. Although the general characteristics of enzyme

foam fractionation have been the subject of extended study during the last 12

months, more emphasis has been placed upon denaturation studies on prostatic acid

phosphatase, ion exchange chromatography, and the enzyme in the serum of patients

with known metastatic cancer of the prostate. Although the demonstration of

elevated amounts of prostatic acid phosphatase in the sera of patients with known

metastatic cancer but normal phosphatase values by the usual clinical tests has

been accomplished, the pharmacological and refrigeration techniques involved have,

until the present time, not proved to be a practical clinical test. Improvements

in the techniques used for elevating the acid phosphatase value of serum may soon

result in a useful confirmatory cancer test.
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The program designed to evaluate methods for detecting early prostatic

that
cancer has teen continued, and has resulted in advocacy the transurethral and

needle "biopsy of the prostate gland he abandoned. The clinical survey of pa-

tients who are not suspected of having prostatic cancer is now more than one-half

completed. In addition to the arbitrary biopsy of the posterior prostatic lobe

in these unselected patients, a program for re-biopsy at two to three years in-

tervals has been instituted.

In collaboration with Dr. Charle s Crandall of the Department of Msdicine,

a clinical- laboratory study has been begun in an attempt to select patients with

metastatic carcinoma of the breast who may react favorably to ovariectomy and

adrenalectomy.
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Introduction

This le the fifth annual Solentlflc Eeport of the Institute of Cancer Research

and, as In the past, It Is dedicated to the Individual donors, foundations and

granting agencies of the Federal Government which have helped to support the studies

reported. The facilities for communication of solentlflo data are so extensive, so

easily available and so rapid that there would appear to he little need for a report

suoh as this to present the work of members of the staff at Columbia University to

colleagues throughout the world. In faot, it is recognized that the summaries which

follow are too brief to offer complete objective evidence. It is felt, however, that

a comprehensive picture of the work In progress here may he of Interest to fellow

scientists Just as reports from their Institutions help us to form a clearer picture

of the ramifications of research in the broad field of abnormal growth. The l6h

bibliographic references of studies published in the past academic year provide de*'

tailed information for those who may wish to see more precise discussions of partic-

ular phases of the research described.

It is often difficult to disoern changes in research emphasis over short periods

of time, particularly if the reporter is working in the field himself. A five year

interval, on the other hand, allows greater perspective to note trends. Some of the

major movements which appear to this observer are:

1. The value of epidemiological research has received recognition particularly

because of the world-wide interest in the demonstration of an increase of broncho-

genic carcinoma among males. The impetus given to research on the etiology of this

tumor through statistical collation of smoking habits in the male population and the.

relationship between cigarette smoking and lung cancer has been great. These inves-

tigations are only representative of others conoerned with cancers of different

anatomical sites. Geographical pathology, epidemiological study, occupational and

personal habit correlations with specifio tumors, all have pertinence to the possibil-

ity of cancer prevention. This is probably the most hopeful and productive approaoh to

to the problem of human neoplastic disease.
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2. In the past five years, the potentialities and areas of usefulness of

radical radical cancer surgery have "been explored. The indications and limitations

of this approach to therapy have now been reaaonably veil defined.

5. Supervoltage radiotherapy has also "been introduced on a large scale in this

five year interval and its value assessed. Although precise information on long

term results is not available, it would appear certain that the various types of

high energy sources provide sufficient quantitative advantages over conventional

250 Kv units so that they will continue as an integral part of radiotherapy.

k. Chemotherapy of cancer has expanded progressively at the laboratory and

clinical level. The ever increasing emphasis on this therapeutic approach is less

due to spectacular results achieved than a conviction that effective systemically

administered treatment must be accomplished if the struggle against canoer Is to be

won. In the past five years progress has been made so that the use of drugs in the

treatment of disseminated disease has greater applicability.

5. The trends in fundamental researoh are less easily described. This is so

by the nature of the conventional definitions given to "fundamental" and "applied".

Studies of basic cellular mechanisms whioh increase understanding of the behavior

of animal or human tumors are obviously of fundamental Importance but are often

classified as applied. Recognizing the semantio difficulties involved it would ap-

pear that the most dramatic advances in basic research have been made In precise

knowledge of nucleic acid biochemistry and its relevance to the tumor cell. Mare

reoently, nucleic acids and viruses are being linked not only structurally but with

regard to their importance in the pathogenesis of abnormal growth.

6. One trend, clearly apparent to everyone in medloal research, is that finan-

cial support now outstrips qualified research personnel. A discussion of the solu-

tion to this important problem is beyond the scope of these comments.

The points mentioned above constitute only a very partial view of the changes

in the past five years. Within this framework, however, the work of the Institute

of Canoer Research here has contributed knowledge and experience at the laboratory
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and clinical level. Complacency and smugness are scarcely in order in a discussion

of progress in cancer research; deprecation and hairshirts, on the other hand, are

equally out of place. A reasonable view would appear to he that steady advances

are being made which may ultimately diminish the threat which cancer poses for

mankind.

Alfred Gellhorn, M.D.

June, 1956
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Bioohemlstry

Dra , Zacharlas Plsche and Senate Plsche have continued their studies on serum

and tissue mucopolysaccharides. It has "been known for a long time that in certain .

diseases in which an aceal<rated proteintturnover takes place there is an increase in

the carbohydrate combined with the globulins of the blood plasma. Eecent investiga-

tions have shown that this carbohydrate is a polysaccharide consisting of about

equivalent amounts of galactose and mannose and of glucosamine. In addition, it

contains a methylpentose fucose^in amounts which vary from one protein fraction to

another. There is considerable variation in the content of fucose from one individ-

ual to another and this sugar can be split off much more easily from the polysaccha-

ride molecule than other constituents. According to recent findings, mucopoly-

saccharides of the same type are present in most animal tissues but significant dif-

ferences in the relative amounts of the k individual sugars, particularly fucose,

exist between different tissues. It seems possible, therefore, that during the

development of malignancy the mucopolysaccharide fraction of the blood plasma may

show characteristic changes in composition and/or structural properties which may

be related either to the malignant process itself, or be due to a release into the

blood stream of mucopolysaccharides from tissues which either are affected in their

function during the development of malignancy or are subject to destructive processes

due to tumor invasion.

It has been the general aim of this project to establish changes in the com-

position and structure of the mucopolysaccharides of individual protein fractions of

the blood plasma of patients with various diseases, as well as experimentally induc-

ed metastatic tumors of rabbits. As a first step In this Investigation a method was

developed for the determination of the composition of the mucopolysaccharides in

small quantities of plasma and for the determination of certain structural features

of these mucopolysaccharides. This method consisted in a fractionated hydrolysis of

the protein fractions by 10$ trichloroacetic acid at 90* C. It was found that the

rate of extraction was different for various constituents of the polysaccharide and
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thatvfucose was extraoted at a much higher rate than the other constituents. The

ratio of the rate of the extraction of fucoso and hexoses, on the one hand, and the

2 hexoses, galactose and mannose, on the other hand, was, therefore, adopted as a

measure of certain structural properties of the mucopolysaccharide.

In the first series of experiments, it was determined to which extent various

fractions of normal human sera differed either in the quantity or in the composition

of the ahove mentioned structural factors from each other. The fractionation of the

serum was carried out in these experiments either by the method 6 and 9, or the

method 10 of Cohn. Each of the fractions obtained by these fractionation procedures

differed not only in the content, "but in composition and structure of the mucopoly-

saccharides. In normal rabbit serum, the content in fucose of the mucopolysaccha-

ride was very much lower than in human sera, Msre recently, continuous flow electro-

phoresis has "been adapted to the fractionation of human and rabhit serum proteins to

obtain greater resolution of the fractions and to collect sufficient material for

ohemical analysis in a relatively brief time.

In a second series of experiments, a number of sera from patients with various

forms of malignant and other diseases were analyzed, using the method 10 of frac-

tionation. It has been found that every type of disease is characterized "by a

change in the distribution of the mucopolysaccharides between the fractions II, I,

III, and fractions IV, V. These variations in distribution are acoompanied by

changes in the mucopolysaccharides which manifest themselves in the change in the

relative rate of extraction of fucose, and, in some oases, in the relative rate of

extraction of galactose and mannose. The results suggested that changes in the muco-

polysaccharide in malignancy may he related to functional changes in certain specifio

organs like the liver and kidney. An examination of the mucopolysaccharides in 7

cases of liver cirrhosis and 5 cases of nephrosis showed oonstant changes. In liver

cirrhosis, in the fraction IV, V there was a significant increase in the fucose oon-

tent of the mucopolysaccharide to such an extent that the lowest value was far above

the highest value obtained in normal sera. In 5 cases of nephrosis of children there
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was a sharp deorease in the content of the mucopolysaccharides in fraction IV, V

associated with a very low oontent in fucose. These findings seem to indloate a pos-

sible correlation "between functional changes in these organs and certain structural

properties of the mucopolysaccharide of fraction IV, V, and experiments are planned

to induoe liver and kidney injury in animals and to determine their effects on the

mucopolysaccharides of the serum. As a preparatory step for the investigation of

the effeot of experimentally induced hone metastasis in rabbits, a study was begun

of the neutral mucopolysaccharides of rabbit bones.

Among the several researches under way in the Biochemistry Division at the

Pranois Delafield Hospital, under the general direction of Dr. S. Graff, are:

a) A study of the characteristics of altitude acclimatization, in collaboration

with Pre . A. Baraeh , H. Blokerman , and G. Beck of the Department of Medioine. It is

known that animals, including humans, can be adapted by suitable means to live under

low oxygen tension. This study seeks to determine the biochemical, physiological,

and anatomical characteristics of such adaptations, the role of diet, age, and other

factors, and the limits and observable oriteria of acclimatization which in many

ways resembles the conditioning of athletes. It appears that tissues or cells

partake of acclimatization by re-adaptation of oxygen-sparing, predominantly

glycolytic, enzyme systems.

b

)

Closely dependent on the investigation outlined above is that of the ef

-

feots of hypoxia on tumor growth in acolimatized animals. Evidence has already

been brought forward to demonstrate the deleterious and possibly therapeutio ef-

fects of hypoxia on tumors. Tumors appear to have requirements for oxidatively

produced metabolites without whioh they cannot survive, and to the lack of which

they cannot be acclimatized, whereas normal, adult, differentiated tissues are in

large measure free of such rigorous requirements and can be adapted (acolimatized)

to the satisfaction of their energy requirements by glycolytic pathways.
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c) We have succeeded in developing a system for tissue oulture whereby the

replicating cells are always kept in constant logarithmic growth phase rather then

in alternate feasting and fasting as obtained in static flask, or tube cultures.

This system, which in some ways is the equivalent of a heart, lung, kidney prepara-

tion lends itself readily to metabolic turnover studies which are under way, and

which have already yielded information on intermediary metabolism far less equivocal

than that obtained from the whole animal in vivo . This system, furthermore, can

produce controlled growths massive enough to make feasible the application of N^5

to such studies.

d) We have succeeded in rounding out and completing the systematic synthesis of

a number of substituted benzimidazoles, benzotriazolee, and quinoxalines which bear i

-

some structural correspondence to the naturally occurring purines and pyrimidines.

Of these 75 new compounds, a nuniber have been found to have interesting and possibly

useful biological properties. Of particular moment is the sharp specificity of k-

methoxy-nitrobenzotriazole which is relatively inactive against the early dividing

frog eiribryo, but which is acutely inhibitory in high dilution against late embryos

in which differentiation and synthesis have commenced. The use of this compound

demonstrates not only the distinction between cellular growth and cellular division

without growth, but also the possibility of designing and synthesizing compounds

with great specificity against particular enzyme systems.

A number of the compounds are strongly mutagenic at less than lethal concentra-

tions in bacterial systems (Drs . F.J. Byan and Sheldon Greer , Department of Zoology,

Columbia University), and may serve as powerful tools in the elucidation of metabolic

pathways in these organisms.

Some years ago, Tamm, Horsfall, and Folkers showed that a number of symmetrical-

ly di-substituted benzimidazoles are active as inhibitors of influenza virus. Our

new compounds have been under study in the virus laboratory of Prof . P.K. Smith,

George Washington University Madical College. He has reported to us that three of

the new compounds we have supplied him are outstanding inhibitors of poliomyelitis



•

•
r

'

•

r# ••

•

..k-
:
.:< ;

... '. .. ....

-

,

. :,
; '

'
'"'

• ... : :..: '
.

•
: •

.„•-.•'' ' '
'

'

'•••,.'•



9

virus in tissue cultures and that he is nov extending his experiments in multicel-

lular systems. We shall continue to cooperate with him.

e) We have, along with many other laboratories, teen interested for some time

in the role of the nucleio acids in cellular events and the possible variations in

structure of the nucleic acids reflecting biological or metabolic status. We are

approaching this problem in several ways, analytically, preparatively, and syn-

thetically. We are able to characterize both ribo- and deoxyribonucleic acids in

tissues without prior isolation in terms of nucleotide content. We have isolated,

and are now investigating, what appears to be compounds of nucleotides with amino

acids. The synthesis of similar compounds is in progress.

f

)

McDowell showed some time ago that leukemia which is endemic in the C58

mouse can be markedly decreased in incidence bv foster-nursing the C58 young against

old, but not young, mature Storre- Little mothers. We have in turn obligated our-

selves to the search for, and the characterization of, the active anti-leukemia

agent in the milk of old Storre-Little mice. We are making progress in this area

In spite of great difficulties; the agent is present in only small amounts, and

rather large quantities of it in terms of milk are necessary for the demonstration

of biological effects. Our most recent results indicate that the substance sought

is of low molecular weight, i.e., it is ultrafilterable. The principal investiga-

tors are: Pre . Samuel Graff . Morris Engelman, Horace Gillespie. Ylotor Ross . Eathe

Uedke. Ada Graff . Aaron Freedman. and Kenneth McCarty .

Dr . Btethen Zamenhof has continued, In collaboration with Dr. Hattie E .

Alexander of the Department of Pediatrics, his studies on the resistance of the

transforming principle (heredity determinants, DNA) to mutagenic, carcinogenic and

oarcinostatlc agents. It was found that the individual heredity determinants differ

in their average resistance to various mutagenic and carcinogenic agents, especially

ultraviolet irradiation and nitrogen mustard. A resistance, characteristic for a

certain heredity determinant, la retained on reproduction. Within each average re-

sistance, there is a whole range of resistances of individual molecules, each of
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which, on reproduction, again assumes a whole range of resistances.

In another project, Dr. Zamenhof has continued his studies on introduction of

unnatural (halogenated ) pyrimidinee into DNA of E. coli. It was found that such

introduction can also proceed without de novo synthesis of DNA , that the process

is readily reversible and that in this respect the composition of DNA is merely a

function of the environment. In another study* the inhibition of growth of certain

strains of E. coli by natural nucleosides has been determined and a mechanism of

this inhibition has been proposed.
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Dentlstry

Research In the Department of Dentistry of the Francis Delafield Hospital con-

tinues to he concerned primarily vith the clinical and laboratory evaluation of

various drugs and a number of oral pathology problems. A few of the studies men-

tioned in laet year's report have been brought to completion and appear as litera-

ture references in this year's bibliography.

Drs. J.D. Plro . E.B. Sproul, E.V. Zegarelll , and A.H. Hutscher have continued

their previously published studies evaluating a series of new local anestetic

agents (Mizzy 285 and Ryrlbenzamine HCl) by intra-oral injection into the muco-

buccal fold areas. The following have also been completed: studies in humans of the

subcutaneous pain threshold with pressure using the Hardy-Wolff-Ooode11 a3;gesineterj

a study of the effect of radiation exposure to the head during oral roentgenography

on the oellular elements of the blood; killing-time studies on Bradoeol in vitro

against Monilia albicans which indicated narked activity of possible clinical im-

port; a study of some of the problems encountered during mass dental extractions in

adrenaleotomized patients; a study of the histopathology of oral pigmentations and

associated intestinal polyps In Jehger's syndrome; a piotural atlas of this latter

disease is in preparation; hlstopathological studies dealing with familial white

folded hypertrophy of the oral mucous membranes; a study to investigate the effect

of a hydrocortisone ointment on ohronio gingivitis.

A number of additional investigations are in progress or are being prepared

for publication. These include: studies conoeming the Hardy-Wolff-Goodell Radiant

Heat Rain Threshold Apparatus and Technique; evaluation of the effect of analgesics

on the pain threshold; clinical evaluation of phenaphen as an analgesic agent; con-

tinuation of a previously published disc sensitivity study to include the newer and

also the previously available antibiotics in terms of all organisms isolated in the

bacteriological laboratory; continued evaluation of a reported relationship between

the occurrence of torus palatinus and breast or uterine carcinoma; evaluation of

various denture adhesives; evaluation of sitosterol in the therapy of oral keratoses;
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studies directed at demonstrating a non-inert activity of India ink; and studies to

evaluate the effectiveness of pre-injection intra-oral topical anesthetic techniques.
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Gynecology

Beeearch in Cancer in the Department of Obstetrics and Gynecology has con-

tinued along the general lines laid down in previous years.

The work in the Department embraces two large fields, each with multiple as-

pects and a number of smaller, more defined but no less important projects. In the

former class are first the studies of the steroids and their metabolism and in the

latter the investigation of the biology and biochemistry of the degree of differen-

tiation of tumors. Beside these composite projeots, work is being done on the

radiosensitivity of cervical cancer, on the transplantation of human tumors to

animal hosts, and on the morphology of the ovary in the presenoe of gynecologic

malignancy.

I. The steroid hormones and oanoer

The work of Dr. Seymour IAeberman and his associates has been directed toward

basio problems in the synthesis and interconversion of the steroids as well as in

certain special biological aspects in their behavior. The general program may be

outlined under the following subheadings:

1. Investigations into the nature and amounts of 17-ketosterolds

excreted by (a) normal men and women to establish normal values and variability

from day to day; (b ) cancer patients treated with chorionic gonadotrophin and ACTHj

(c) patients with ELmmelstiel-Wilson syndrome; (d) normal individuals treated with

chorionic gonadotrophin or estrogen. The administration of chorionio gonadotrophin

to 7 normal women and 5 normal men was accompanied by an increase of almost 100 per

oent in the excretion of 11-oxygenated 17-ketosteroids in the urine. Three normal

women have shown a similar response upon treatment with estrogen (Drs . J. Bitman,

R. Vande Wiele, A. Granitsas, Massrs . M. Goldstein and J. Marque

z

).

2. Investigations into the nature of the oortlcolds excreted during preg-

nanoy and by patients with Cushing's disease, adrenal virilism and Kimmelstiel-

Wilson syndrome. The urinary metabolites excreted following the exogenous adminis-

tration of 21-desoxyhydrocortisone and 21-desoxytetrahydrocortieone have been iso-
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lated and Identified. In addition, the urinary steroids excreted "by a patient

with a salt-losing syndrome have "been examined (Dr. J. P. Bosselet and Miss Lillian

Overland).

2.* Investigation into the nature of urinary metabolites related to the

newly discovered adrenal hormone, aldosterone . A sensitive technique capable of

estimating 10 gamma of aldosterone or its urinary metabolites has been devised.

With the help of this procedure it has heen possible to isolate three new urinary

metabolites of aldosterone (Dr . Stanley Ullck ).

k. Investigations into the in vitro metabolism of C21 steroids by ho-

mogenates of mammalian liver (Dr. J. P. Bosselet and Miss Lillian Overland ).

1* Investigations into the biosynthesis of steroid hormones by means of

perfusion of isolated glands or homogenates of adrenal and placenta with C 1*-

laheled materials. The intermediary of pregnenolone In the biosynthesis of

progesterone from oholesterol has been demonstrated with adrenals and placenta.

Using similar methods, it has not been possible to demonstrate the biosynthesis of

compounds B and F by human term placenta. Seven possible Intermediates "between

oholesterol and pregnenolone have been synthesized and are being tested for their

possible role in the biosynthesis of the steroid hormones (Dr. S. Solomon, Mr. P.

Levitan and Miss C. Cassanueva ).

6. Investigations into the biosynthesis of the steroid hormones by means

of homogenates of ovaries, follicles and corpora lutea with C materials. The

intermedlaoy of pregnenolone in the biosynthesis of progesterone from cholesterol

has been demonstrated in cow ovaries and cow corpora lutea. The 'biosynthesis of

estrogens from progesterone by whole ovaries has not been demonstrable. Using

bovine or human ovarian follicles it has been possible to prove the conversion of

cholesterol to pregnenolone (Drs . B. Vande Wiele , S. Solomon ).

X» Preparation of steroid-protein complexes and investigation of their

chemical, immunological and biological properties . Three conjugates of testosterone

and cortisone with bovine serum albumin have been prepared and their chemical prop-
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erties have teen studied. Rabbits, when Immunized with each of these three con-

jugates, produced antibodies which are specific to the steroid haptenes. This is

the first demonstration that the steroid hormones may serve as haptenes. Prelimi-

nary experiments have demonstrated that the antisera produced to testosterone "bovine

serum albumin har^antihormone properties (Drs . B.F. Erlanger, Felix Borek and S.

Beiser , Department of Microbiology, and Br. F. Agate , Department of Anatomy).

8. Studies of methods for the synthesis and hydrolysis of steroid glu-

ouronosidea . Five already known steroid glucuronosides have "been prepared in im-

proved and praotioal yield. In addition, five new steroid glucuronosides have been

synthesized and one of these has been shown to be identical with the main urinary

metabolite of hydrocortisone, namely, tetrahydro E glucuronodate (Paul Ievitan ).

II. Differentiation in gyneoologlc neoplasms

The project designed to study the cytochemistry and biochemistry of differen-

tiation in gynecologic neoplasms has continued along the lines described In the three

previous years. A total of 208 tumors has been obtained for analysis since the

initiation of the program on July 1, 1952. These tumors inolude 60 papillary serous

and 29 papillary pseudomucinous ovarian cysts, 30 endometrial carcinomas, k7 cervi-

cal epidermoid oarcinomas and k2 miscellaneous types. Specimens of each tumor have

been distributed to participants in the program who are attempting to determine

measurable or assessable cytochemical, biochemical and biological characteristics

of malignancy that may be correlated with grade of malignancy.

Cytoohemical studies have been continued, under the direction of Dr. Margaret

E. Long, on ribonucleic acid, alkaline phosphatase, succinic dehydrogenase, glycogen

and a number of other substanoes. During the year, two publications by Drs . long

and Howard Taylor have resulted from completed work in their phase of the project.

One paper reports on the consistency of histological grade in ovarian serous papil-

lary tumors, not only in different areas of the specimen but also in the structure

of recurrences obtained months to years after primary operation. A second paper

concludes that, in thiB same group of tumors, there Is a statistically significant
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Increase in size and number of nucleoli, a measure probably of ribonucleic acid, with

an increase in histological grade of malignancy of a tumor.

Current cytochemical studies have demonstrated sites of activity of the enzyme

succinic dehydrogenase in the cells of all gynecologioal tumors and in endometrial

glandular cells during phases of the menstrual cycle. It haB been planned to re-

late such localized activity with grade of malignancy in the tumors and with the

probable proliferative and metabolio associative functions of this enzyme system in

cells.

The correlation of loss of differentiation in gynecological tumors with studies

of their metabolic behavior has been continued by Br. Helena de Roetth . The results

indicate that the oxygen uptake in both air and oxygen inoreases with increasing

malignancy. Evaluation of the percentage of epithelium in the tissue slices used

for metabolic studies has shown, for ovarian papillary serous tumors, that the dif-

ferences observed in oxygen consumption are real and not caused by variation of

epithelial content of benign as compared to malignant tumors. Electrophoretio de-

terminations of the soluble proteins of these tumors also can be correlated, in most

Ik
cases, with malignancy. The incorporation of C glucose into the amino acids of

the soluble and insoluble proteins is also under investigation.

A cytophotometric study of the nuoleoproteins in individual nuclei has been set

up by Br. Saul Bader , for use in the study of the desoxvribonucleic acid distribution

in the gynecological tumors. Quantitative data in terms of relative light absorp-

tion of DNA-Feulgen complex at 560 mu in individual interphase nuclei have been col-

lected on the basis of the measurement of approximately 33OO nuclei. At least 100

nuclei have been measured on each tumor specimen.

The histograms of the gynecological tumors indicate DMA distribution similar to

those shown for control tissues. Variations in DMA distribution can be accounted

for by the known mitotic irregularities which occur in tumors. The endometrial

carcinomas of the different grades are essentially alike in their DMA spreads. The

distributions of the ovarian papillary serous tumors suggest a parallelism with in-
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creasing malignancy. Although Increases In DNA distribution* are not indicated by

the data to he a epecifio criterion of malignancy, its possihle association with

invasiveness is to he considered.

Work on the nuoleio acids and on oertain enzymes of gynecological tumors has

heen continued hy Dr, D.Y.N. Reddy . Technical prohlems have made difficult the

fractionation of human neoplastic tissues Into their subcellular particulates. How-

ever, it appears that the RNA values per cell calculated on the basis of constancy of

DNA per nucleus are consistently higher for the benign than for the malignant tumors

of the ovary. The In vitro turnover of BNA . ribonucleotides has been found to be

considerably lower in the benign than in the malignant tumors.

D-amlno acid oxidase activity of 33 ovarian and an equal number of other

tumors has likewise been determined. Approximately 50 per cent of the benign

ovarian tumors and all but 7 of the malignant tumors showed no oxidase activity.

Closer examination of the problem showed that all of the 13 tumors tested, benign

and malignant alike, inhibited D-amino acid.oxidase. The Inhibitor appears to be a

characteristic of neoplasms since it is not present in normal animal tissues, such

as rat liver or kidney. The Inhibitor appears to be an enzyme, possibly a pyro-

phosphatase, which acts on the co-factor flavin adenine dinuoleotlde (FAD) of D-amlno

oxidase to yield the Inactive flavin mononucleotide (FMN) and adenosine mono- or

triphosphate. Although this mechanism was elucidated using extracts of adenocar-

cinoma 755, It Is surmised that a similar or Identical principle is operative in

human tumors.

In the large study of the biology of differentiation in gyneoological tumors,

collahoration has continued with Dr. Michael J. Kopao and his group in the Depart-

ment of Biology at New York University. Specimens of the tumor tissues being in-

vestigated here are sent to Dr. Kopec' s laboratory, where various examinations are

being applied, following such disciplines as: (l) the preparation and evaluation of

isolated cell populations; (2) phase contrast study and photography under oil im-

mersion optics; (3) high speed centrlfugation and (k) in vivo cytochemistry with
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III. Studies on the radiosensitlvlty of cases of carcinoma of the cervix

Dr . Saul Gusherg , with Dr. Margaret E. long. Miss Jane Hill and Br. Grace

Herman, have continued their studies of radlosensltivity of oancer of the cervix In

an effort to standardize testing methods for defining the most efficient treatment

for cervical cancer In individual patients.

Cytochemical studies of nuclear 'changes unuer" radiation have provided tech-

niques for defining regressive changes In tumor vitality within several weeks of

onset of treatment. These ohanges inolude: a) enlargement of the tumor cell nucleus;

b

)

relative diminution in DHA as indicated by dilution of the chromatin masses; and

c) relative increase in RNA as shown by increase in nucleolar size and number.

These changes occur within several weeks of the onset of treatment before a clinical

examination can reveal any significant change in gross characteristics. A small

therapeutic test dose of radiation Is given to measure this response in a standard

way so that the spectrum of sensitivity response can be evoked and so provide a

scale of reactions.

The clinical accuracy of this type of testing has proved to "be high and this

type of data can provide a sufficiently quantitative means of testing response to

indicate either pure radiation treatment, pure surgical treatment, or a combination

of both treatments for the primary tumor and Its primary nodal depots. A recent

analysis of our radiation failures in favorable stages of the disease has been used

to outline the role that such radlosensltivity testing could play In the treatment

of cervical oancer.

In addition, a study has been begun of the alleged host response as measured

in normal vaginal cells according to the method described by the Grahams at the

Massachusetts General Hospital. With the addition of this procedure it may be pos-

sible to explore the cytologic response of both tumor and host.
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IV. Study of the morphology of the ovary in patients with gynecological neo-

plasms

In the past year, the ovarian histology laboratory has continued the collec-

tion of ovaries and the quantification by morphologioal techniques of the function-

ing tissue contained in these ovaries. At the present time I30 ovaries have "been

collected. Of these, fifty-three ovaries have been completely studied: cancer of

the cervix, 19; cancer of the corpus, 1; fibromyomata uteri, 17; "chronic pelvic

congestion", k; cancer of the breast, 2j "cystic ovary", 2j normal, 8. Eighty-

seven additional ovaries are in preparation.

This study should result in an increased knowledge of the human ovary, its

funotions and morphological characteristics as well as clarifying the influences

exerted on the ovary by age and pathological conditions. A preliminary inference

which may be drawn is that all the pathological conditions studied thus far seem to

show a higher per cent of functioning tissue than the normal. This may prove of

significance when considered in relationship to the known effect of the ovarian

hormones On reproductive tract tumors of certain laboratory animals.

7. Studies on the transplantation of human gynecological neoplasms

The study of heterologous transplantation of human gynecologic cancers begun

by Dr. Harold M.M. Tovell a year ago has continued. A tirtal of 57 human gynecologic

malignant tumors have been transplanted into conditioned laboratory animals. Con-

ditioning of the host was accomplished by regular subcutaneous injections of small

doses of cortisone and by total body radiation prior to Implantation of tumor

tissue.

Of the 57 malignant tumors studied there were 22 ovarian, 22 epidermoid car-

cinomas of the cervix and 13 endometrial carcinomas. In the entire series 2U per

cent of the Implants survived one transplant generation and 33$ showed gross and

microscopic evidence of growth for 2 or more generations, making a total number of

successful transplants of 57$. No permanently transplantable tumors were obtained,

although one tumor continued to show a vigorous growth for 7 generations prior to
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A review of previous work done with the intraocular heterotransplants of

malignant ovarian tumors was carried out with the purpose of correlating patient

survival and results of heterotransplantation. On the basis of twelve tumors

studied, with a patient follow-up of two years or more it was noted that the average

patient survival time in those tumors that were heterotransplantable was one-half

that of patients displaying non-heterotransplantable tumors.

71. Clinical investigation on the therapy of gynecological cancer

The general plan set up four years ago, on the basis of agreement "between the

Radiotherapy and the Gynecology Departments, has continued to "be the basis for the

decisions on types of therapy. Considerable numbers of oases have now been treated

in certain categories but the follow-up periods necessary for evaluating results

have of oourse not yet elapsed.

Efforts continue to be made to compare the results of surgical and radiation

techniques and of combinations of certain of these. Improvements in procedure,

especially the availability of supervoltage x-ray and of rotational cobalt have

introduced new variables which have made the methods of treatment more heterogeneous

than had been hoped when the study was set up. It is planned that within the next

few months a new series of interdepartmental conferences will re-define therapeutic

policy for each type of gynecological cancer.
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Medicine

The principal objective of this group has teen to develop a broad program of

researoh on medical aspects of neoplastic disease. This has encompassed three

major activities which include: l) the study of the natural history of certain

cancers in man, 2) investigations on the pathological physiology of the human tumor

bearing host, and 3) chemotherapy. These three categories are intimately interre-

lated for knowledge of the natural history of disease is a prerequisite for evalua-

tion of therapeutic regimens and investigation of pathophysiology provides additional

objective criteria which can be used in following the effects of ohemotherapeutic

agents. The table depicts the categories of activities as well as the professional

personnel involved in their implementation.

Tumor Screening and Biology

A. Gellhorn, M.D.

E. Hirschberg, Ph.D.

E. Angles! o, M.D.

tfechanism of Drug Action

J.D. Davidson, M.D.

P. Feigelson, Ph.D.

Clinical Chemotherapy

A. Gellhorn, M.D.

D. Choy, M.D.

C. Crandall, M.D.

A. Edwards, M.D.

G. Hyman, M.D.

J. MLJnssen, M.D.

H. Ranney, M.D.

T. Richter, M.D.

J. Ultmann, M.D.

Pharmacology

L. Reiner, M.D,

A. Gellhorn, M.D.

E. Hirschberg, Hi.D.

Metabolism

P. Marks, M.D.

J. Bishop, M.D.

Hematology

G. Hyman, M.D.

J. Ultmann, M.D.

Myeloma

E. Osserman, M.D.

Biochemistry of Differentiation

E. Hirschberg, Ph.D.

* Deceased TScmaSb&az, 1955

Visiting Fulbright Fellow from
Italy
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The chemotherapy program has included laboratory and olinical studies. The

former consisted of investigations on screening methodology and screening against

tumors in experimental animals, studies on the mechanism of action of oarcinostatic

drugs, and pharmacology. The clinical cancer ohemotherapy research has been con-

ducted primarily on the seventy-four "bed medical vard and the out-patient depart-

ment of the Francis Eelafield Hospital.

Tumor screening and "biology

a) Screening methodology - In last year's report, reference vas made to

an inter-institutional investigation of canoer chemotherapy screening methodology

which involved a comparison of the performance of a wide variety of "biological test

systems. The results of this study, which were published as Supplement No. 3, 1955

of Cancer Research , indicated that experimental tumors constituted the most satis-

factory and specific system for the seleotion of anti-cancer drugs of the types

now available.

In reviewing this work, it appeared of interest to extend the study to include

a biological system ahich had been omitted from the earlier investigation, namely

normal mammalian bone marrow. Pre . Enrico Anglesio and Alfred Gellhorn therefore

examined the effect of the twenty-seven compounds used in the earlier experiments

on the bone marrow, intestine, liver, and kidneys of normal rats. Each compound

was injected into at least five Wistar rats at maximum tolerated doses. Peripheral

blood counts were determined daily and the animals were sacrificed six days after

the completion of the series of injections.

The peripheral white cell count was signifioantly deoreased by nitrogen mus-

tard, urethan, 2,t-diamino-5-(3' ,V-dichlorophenyl)-6-ethylpyrimidine, 1,5-diamino-

biuret, and azaserine; a significant increase, conversely, was caused by the ad-

ministration of 8-azaxanthine, 2,6-diaminopurine, ethionine, and p-2-thienylalanine.

Qualitative changes in the bone marrow were caused by about half of the oompounds,

including both carcinostatic and non-carcinostatic agents. No effects of any com-

pounds on the liver and kidneys were seen. The mitotic index of the small intesti-
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nal epithelium was eignifioantly changed by twenty of the twenty-seven compounds,

hut, Interestingly enough, only the two antibiotics chloramphenicol and »3tropsin

caused a decrease, with rises of varying magnitude following the administration of

the other agents.

In general, these results show again that there is no relationship "between the

anti-tumor activity of these selected agents and their effects in other biological

systems and, consequently, that normal mammalian hone marrow does not lend Itself

well as a screening tool to the search for carcinestatlc agents.

h ) Experimental tumor testing - The oentral objective of the various

laboratories across the country engaged in experimental cancer chemotherapy Is the

discovery of new agents of potential interest for the treatment of the human dis-

eases. There are a number of different biological systems which lend themselves to

this quest. There are, also, many varied reasons for the selection of particular

oompounde for evaluation.

In this laboratory, Drs. Alfred Qellhorn and Erich Eirschberg, together with

Misses Shirley Drayton. Janet Hlbbert* and Gloria Semente. have continued to test

eaeh new compound against a wide spectrum of transplanted mouse tumors. This

spectrum oompriBes three mammary adenocarcinomas (755, Eo771, EC), a fibrosarcoma

(Sl8o), a transplantable brain tumor (glioma 26), a lymphosarcoma (6C3HED), a

myelogenous leukemia (CIU98), and the Ehrlich ascites tumor. In almost all in-

stances, treatment of the tumor-bearing animals with the compound under test is

started one day after transplantation and continued every day except Sunday, For

the first five tumors in this spectrum, the evaluation of the carcinostatic effec-

tiveness of the agent is based on a statistical comparison of the weights of the

tumors removed from treated and untreated groups of ten to twenty mice each at the

end of the experiment; for the last three tumors, the effeot of the compound is

measured in terms of prolongation of the survival time of the tumor-bearing mice.

The compounds to be tested are ohosen, wherever possible, to represent struc-

tural features of Interest In one of Beveral unrelated classes of chemicals. At-
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tention Is currently focused on quinolines and acridines, on "one-anted" and "two-

anned" nitrogen mustard derivatives, and on benzimidazoles and henzotriazoles.

Each compound is tested at its maximum tolerated dose, as established "by a five-day

toxicity test on normal mice. If tumor inhibition is accompanied "by excessive weight 1

loss of the host animals, it io not considered to be significant. Almost without

exception, the intraperitoneal route of administration is used.

The acridines,whioh include the well-known antimalarial quinacrine (atabrine),

are essentially inactive when injected into tumor-bearing mice, although they ex-

hihit striking carcinostatic activity in tissue culture (cf. below). The only

tumor whieh responds to quinacrine to an appreciable extent is the Ehrlieh ascites

tumor, in shich the compounds are injected directly into the fluid containing the

tumor cells. Feeding experiments currently in progress suggest that the oral route

of administration may be preferable for compounds of this sort. A series of

quinolines, including the antimalarials chloroquine and caaoquin, is under active

investigation. Among the benzimidazoles, ring halogenation appears to be needed

for carcinostatic activity, as shewn by the inhibitory effect of 5,6-dichloro-

benzimidazole against several tumors and the lack of aotivity of unsubstituted or

differently substituted henzimidazolec. The "two-armedM nitrogen mustard derivatives

as a group exhibit a fair amount of anti-tumor activity; a henzimidazole mustard,

2-(di-(2-chloroethyl)aminomethylene)benzimidazole, inhibits the growth of several

dissimilar tumors in the spectrum and is therefore under current study from the

point of view of toxicology and pharmacology in rabbits and dogs.

c ) Experimental chemotherapy of brain tumors - The interdisciplinary in-

vestigation of approaches to chemotherapy of the malignant "brain tumor, glioblastoma

multiforme, has continued to engage the attention of Pre . Gellhorn and Hirschberg

in collaboration with Dr. Margaret Murray and Mrs. Buth Eislng of the laboratory of

Cell Hiysiology and with Drs . Hartwell Thompson, Joseph Bansohoff

,

and J. Lawrenoe

Pool of the Neurological Institute. This investigation comprises three general

areas in addition to the in vivo screening of compounds against mouse glioma 26
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nentioned above: tissue culture experiments with samples of this mouse "brain tumor

and of human "brain tumors obtained at operation from a series of patients ; clinical

jvaluation of promising agentsj and determination of drug distribution in both mice r

and patients where analytical methods are available or can he developed,

Extensive testing has shown that acridines and quinolines, as a group, possess

pronounced activity against the "brain tumors in tissue culture. Certain benzimida-

zole derivatives exhibit caroinostatic activity which increases with increasing de-

gree of substitution; for instance, 5,6-dichlorobenzimidazole and 5,6,7-trichloro-

benzimidazole rihofuranoside are about twenty and two hundred times, respectively,

as active as benzimidazole itself. The nitrogen mustard derivatives, in general,

are relatively inactive under the conditions of these tests.

On the strength of their striking activity in vitro and of their widespread

clinical application as antimalarials, quinacrine and camoquin (amodiaquin), re-

presentative of the acridines and the quinolines under investigation, have been

selected for evaluation in a series of patients with far advanced glioblastoma.

Quinacrine has been administered ter os to about a dozen patients for varying peri-

ods of time without significant improvement. The number of patients treated with

camoquin is too small to permit any evaluation at the present time.

The failure of quinacrine to inhibit the growth of experimental tumors in mioe

or to affect the clinical course of the disease in man in the face of its pronounoed

activity in tissue culture has led to a search for a reason for this discrepancy.

The availability of a fluorometric assay method of sufficient sensitivity has made

it possible to determine the quinacrine levels in blood plasma obtained from pa-

tients or experimental animals after various courses of drug administration. These

experiments, oonducted with Mrs . Martha Osnos, showed that the blood levels which

could be built up by injection of maximum tolerated doses of the compound fell

short of the minimum inhibitory concentration present in tissue culture feeding

fluids. Analogous determinations of quinacrine levels in the cells of human or

mouse tumors after treatment indicated that the concentration present in the cells
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grovn invvltro was fire to ten times as high as In cells grown in vivo. The use of

the oral rout© of administration, in preliminary experiments with mice, promise a to

lead to a greater accumulation of the drug In the tumor^cells as well as to a greater c

effect of the drug on the growth of the tumor. A similar series of experiments

with oamoquin is in progress.

Maonanism of drug action

Dr . Jack D. Davidson has "been concerned with Investigation of the effects of

anti-tumor compounds upon nucleic acid metabolism. These studies have been directed

toward elucidating the mechanism of action of the compounds and the mechanisms of

inherent and acquired resistance to the anti-tumor agents.

In the same program Dr. Riilip Feigelson has Investigated the effects of a

number of purine analogs upon certain enzyme systems. He found that 3-azaguanine

produces 50$ inhibition of adenosine deaminase and xanthine oxidase at concentra-

tions of h x 10"^ M and 5 x 10~5 M respectively.

This latter effect is capable of explaining many previously reported findings

regarding 8-azaguanine and would "be consistent with the anti-tumor activity of the

compound "being attributable to a guanine moiety deficiency. It is suggested that

the deficiency results from inhibition of the xanthine oxidase catalyzed conversion

of hypoxanthine to xanthine on a pathway of guanylic acid "biosynthesis. Certain

anti-tumor pyrazolopyrlmldine analogs of normal purines have activity of a similar

type.

A Trl-carb liquid scintillation counter has "been available to this group for

the past year and considerable effort has been' expended on devising practicable tech-

lkniques for counting C -labeled purines with this instrument. These efforts have

been successful and a method of counting with 50 times the sensitivity of previous

techniques has been developed.
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Clinical chemotherapy

In the past two year period eight oompouhds have "been evaluated In three hundred

and thirty-eight patients vlth a variety of disseminated neoplastic diseases. A

summary-at-a-glance is as follower

Number of Usefulness of

Drqff Patients Studied Drug

6-MBroaptopurine, Purlnethol v
' 87 Acute leukemia, children

1, 4-dimethanesulfonyloxybutane

,

Mpleran Ul Chronic myeloid leukemia

Thiotriethylenephosphoramide, 79 lymphomas, ovarian carcinoma
Thlo-TEPA

P-dichloroethylaminophenylhutyric- 30 Chronic lymphoid leukemia
acid CB I3U8, Chlorambucil

Prednisone, Meticorten 32 Acute leukemia, adults

Sarkomycin 20 None

Triethylenemelamine, TEM 34 Retinoblastoma
Aorldines 15 Undetermined

The investigations of seven of the eight drugs have been summarized for pub-

lication. Only brief discussions will "be presented here of +>hose not summarized in

last year's report.

a) Mftrleran . Twenty-one cases of chronic myeloid leukemia and 20 patients

with other types of neoplasm were treated with %leran during a h year period.

Eighty-one peroent of the group with chronic myeloid leukemia showed significant

remissions over a period of up to 48 months. None of the patients with other neo-

plasms responded to %leran. The objective of therapy is to bring the leukocyte

count to normal range together with a decrease in visceral Infiltration, decrease

in thrombocytosis and a spontaneous rise in the hemoglobin. Myleran was found to

be effective in patients in whom radiotherapy had become unsuccessful and the drug

was of particular value in such cases. Whether or not it 1b superior to radio-

therapy and should become the treatment of choioe in chronic myeloid leukemia will

require further experience.

The following table indicates the diseases studied:
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tients the Initial dose of steroid wae of this order of magnitude, three patients

have received trials of 75 mg. of prednisone hefore massive therapy waB started.

A tabular summary of this clinical therapeutic experiment follows:

Diagnosis Remission No Major
Complete Partial Effect Toxicity

leukemia
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with the more advanced tumor was enucleated and the eye with the less advanced

lesion was treated. The criterion always was whether or not useful vision could he

retained if the tumor were arrested. If not, then, of oourse, enucleation was

preferahle.

In the past 21 months 3U eyes have "been treated with radiation and TEM accord-

ing to the method described here. Nineteen of these eyes have shown satisfactory

regression. In addition, 8 eyes were treated in which the lesion showed a good

response in the "beginning hut after a period of time, ranging from 6 to 8 months

following the completion of the treatment, the tumors manifested active growth.

Additional therapy to these 8 eyes was instituted, and in 5 instances the lesion

has regressed satisfactorily.

In summary, it must he said that TEM therapy alone has not proved curative in

the treatment of any neoplasm in the past, no matter how heneficial it may appear

initially. No different end-result should he expected in patients with retino-

blastoma. Consequently, the use of TEM alone has not been assayed in the present

series. We feel, therefore, in view of the evidence obtained in the present study,

that although TEM exerts a clear-cut, benefioial effect on retinoblastoma, its

present role is in combination with properly administered radiation.

g) Quinacrine and Amodiaquin . In an earlier section of this report, refers

ence has "been made to the program on the chemotherapy of "brain tumors. On the basis

of experiments there described, quinacrine and amodiaquin have been selected for

clinical evaluation in patients with gliohlaBtoma multiforme refractory to further

radiotherapy.

In the past 2 years, 15 patients have been studied, 11 receiving quinacrine and

k, amodiaquin. With the exception of 1 patient, none of those receiving quinacrine

showed ohjective improvement. The observations with amodiaquin are, as yet, too

preliminary to merit description.

As mentioned above, in the quinacrine treated patients pharmacological studies

on drug distribution in extracellular fluids and various tissues were made. These
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revealed that with maximally tolerated doses, chronically administered, the concen-

tration of drug failed to equal the effective level determined in parallel in vitro

experiments. For this reason quinaorine therapy of "brain tumors haB been abandoned.

Similar distribution observations are being made with amodiaquin.

Metabolism

a) Alterations in carbohydrate metabolism associated with neoplasia -

A large literature has accumulated relating alterations in carbohydrate metabolism

to the neoplastic process. Disturhancee in host-tissue protein metaholism associat-

ed with tumor growth have been described. However, alterations in glucoBe metaholism

associated with neoplasia in human subjects have not "been defined. Early studies

have described an increase in fasting blood sugar as well as a decrease in glucose

tolerance test in patients with various malignant diseases. These studies have been

inconclusive, however, with regard to the proper isolation of the effects induced hy

neoplasia, primarily because secondary effects intervening in the course of the dis-

ease were neither controlled nor excluded.

In the present investigation Drs . Paul Marks and Jonathan Bishop have studied

glucose metaholism in carefully selected patients with leukemia, lymphoma and clin-

ically-localized caroinoma employing a technique of intravenous glucose tolerance

test which permitted the calculation of the fractional rate of "blood glucose disap-

pearance. These patients were selected to ensure adequate dietary intake for at

least two weeks prior to the test. The patients had no weight change during the 6

months preceding the test, no family history of diabetes mellitus, no other associ-

ated acute or chronic diseases and the test was performed in only those patients who

were fully ambulatory.

Observations based on 86 glucose-tolerance tests in 33 patients with malignant

disease and in 17 normal individuals revealed that the subjects with malignancy had

a fractional rate of gluoose disappearance which averaged 2.2k _ 0.71^/min. as com-

pared with the normal individual whose mean was lj-,19 - 1.31#/min. This difference

glucose
between the means for the fractional rate of bloodAdisappearance was significant.
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This 'finding contrasts with the recognized high rate of glycolysis that characterizes

metabolism of tumor tissue.

There was no correlation between the fractional rate of "blood glucose disap-

pearance 0^>B) and the height, weight or body surface area of the individuals. The

fasting blood sugar of the patient group had a mean of 88 t 12 mg.# and that of the

control group 80 - 9 fflg.#. There was no significant difference between these

means. The urinary glucose excretion during the glucose tolerance test did not

differ significantly between the two groups. In addition to a smaller fractional

rate of excess glucose disappearance, the patients with malignancy had a decrease

in the net glucose disappearance from the blood during the course of the glucose

tolerance test as compared with the normal group.

If the decrease in ELD can properly be interpreted as a phenomenon related to

the presence of a malignant process, one might expect, in the absence of extraneous

factors, that this defect in carbohydrate metabolism will revert toward normal with

extirpation of tumor or with effective chemotherapy. Serial observations have been

made on 2 patients prior to, during and following effective chemotherapy. These

patients were studied on the Matabolic TJhit while on a constant diet and with com-

plete nitrogen and electrolyte balance studies. In both patients it was found

that the E^,D reverted to normal following therapy. This return to normal of the

KqD occurred while the patient exhibited negative nitrogen balance. One of these

patients has now been followed through a second cycle of exacerbation, therapy and

remission of disease with similar findings. In this patient, exacerbation of the

disease was associated with a decrease of the ELD to an abnormally low value.

Following a second course of effective chemotherapy, the ELD reverted to normal.

In addition, 2 patients, one with cervical carcinoma and the other with carcinoma

of the female breas^have been studied prior to and following surgical removal of

the tumor. In these patients the ELD following surgery has reverted towards normal.

b) Studies on biosynthetic pathways of rlbose of ribonucleic acid in liver »

j&Bole and founor - (This project is being carried out by Dr. Paul Marks in coopera-

tion with Dr. Hiilip Feigelson of the Department of Biochemistry. )
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It has "been shown that ribose phosphate Is an Intermediate in the pathway of

glucose metabolism referred to as the pentose phosphate shunt. At least 2 possible

series of reactions nay be Involved In rihose-5*l?b.©SEbate synthesis "by this pathway.

These two series of reactions may he distinguished by the pattern of C1^ labelling

present in the ribose arising from specifically labeled precursors. Thus If ribose

phosphate Is synthesized primarily by decarboxylation of glucose-6-phosphate, the

labeled carbon of ribose should correspond to the labelling In carbon positions 2

through 6 of glucose. If, on the other hand, ribose-5-phosphate synthesis primarily

results by the series of reactions catalyzed by the enzymes, transketolase and trans-

aldolase, the pattern of labelling in the resultant ribose would be quite different

from that predicted for the decarboxylation reaction. Thus It has been shown that

as a result of the reactions catalyzed by the enzymes, transketolase and trans-

aldolase, C originally in C-l of glucose would distribute Itself to carbons-1

through 3 of ribose. These studies provide a basis for approaching the problem of

the biosynthetic pathway of ribose and of ribonucleic acid. In the current study

C Og as sodium carbonate was injected intraperitoneally Into rats, and the glycogen

and ENA of liver and muscle Isolated. The glycogen was degraded to glucose and

ribose was recovered from the RKA. fractions. The glucose was degraded by the bac-

terial fermentation with Leuconostoc mesenteroides, ribose was degraded by bacterial

fermentation with the Iactobacillus pentosus . Work to date has primarily establish-

ed the validity of the techniques employed. In particular it has been shown that

sufficient radioactivity may be Incorporated into the ribose of ENA of both muscle

and liver to allow for accurate degradation of quantities as small as 1 mgm. of

ribose. In addition, it has been shown that the bacterial fermentation methods al-

low for the direct determination of the relative specific activity of each of the

individual carbon atoms of glucose and of ribose. It Is planned, by using variously

labeled precursors including C C^ and glucose labeled specifically in carbon posi-

tions 1, 2 and 6, to study the resultant pattern of distribution of C in the ri-

bose of UNA. of liver, muscle, regenerating liver and various tumors.
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Hematology

In the past year Drs . George Hyman and John Ultmann have attempted to use the

increased rate of red cell destruction, which Dr. Hyman has previously observed in

patients with cancer, as an objective criterion in the evaluation of therapeutic

51
measures. Serial determinations of red cell survival using Cr -laheled autologous

cells have shown that increased survival time follows the induction of a remission

whereas decreased survival time frequently can he correlated with progression in

disease. This measure is too time-consuming to he of value as a routine method for

the evaluation of chemotherapeutic agents. In selected instances, however, this

approach can he used as an objective criterion for critical cancer chemotherapy

evaluations.

The studies in man Just described naturally led to an attempt to design a

simpler test system in which tumors could be introduced at will and their degree of

spread more easily controlled. A start in this direction has been made "by a study

of the effect of localised and disseminated Brown-Pearce tumor on the red cell sur-

51
vival of Cr -labeled rabbit erythrocytes. With each animal serving as its own

control (having its normal BBC life span determined), various groups of animals

were given Brown-Pearce carcinoma into the anterior chamber of the eye, the testes,

or intravenously. The life spin of the re- labeled red cells was then redetermined.

The results indicated that in those instances where the tumor progressed so

rapidly as to kill the animal within a two to three week period there was no effect

on the life span of the chromium-labeled erythrocyte. To allow progression of the

tumor over a more prolonged time, multiple dilutions of tumor homogenates were ad-

ministered intravenously. In these animals, although one of them survived as long

as sixty-three days, there was no effect on the life span of the labeled red blood

cell. In addition, another rabbit carcinoma, X72, which has a life history of four

to six weeks, was studied with analogous results. It was concluded from those ex-

periments that in rabbits with two types of localized or widely disseminated car-

cinoma the erythrocyte life span was not affected by the presence of tumor.
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Myeloma program

Studies In Dr. Elliott Osserman's laboratory have "been directed along four

major lines of investigation: l) survey of the value of routine electrophoretic

separation of the serum proteins in all cases of suspected or documented neoplastic

disease; 2) diagnostic value of serum and urine electrophoresis in multiple

myeloma j 3) serial electrophoretic studies of the serum and urine proteins in

patients with myeloma as an objective criterion for evaluation of response to

chemotherapy; k) physico-chemical studies of myeloma proteins including isotopic

studies of the rates of turnover of the serum and urine constituents.

In previous Scientific Reports of this Institute, the first tvo phases of the

program have "been summarized. The current status of work in the latter two areas

will "be presented here.

a) Serial electrophoretic studies of the serum and urine proteins in pa-

tients with myeloma as an objective criterion for evaluation of response to chemo-

therapy

Since all current studies support the thesis that the neoplastic myeloma cells

produce the abnormal proteins which are demonstrable by electrophoresis, this bio-

chemical abnormality represents a unique index in a neoplastic disease for the

evaluation of chemotherapeutic effect. Employing the Durrum-type (Spinco) quantita-

tive paper electrophoresis apparatus, we have followed the serum and urine electro-

phoretic patterns in 50 Individuals with myeloma under a wide variety of therapeutic

programs. In 2 instances, a profound decrease in the abnormal serum protein has

been observed coincident with the administration of a specific chemotherapeutic

agent. Concomitantly, there was ancillary subjective and objective evidence of sup-

pression of the disease activity. In the remaining U8 cases, there has been no ap-

parent decrease in the abnormal components and no other evidence of significant

chemotherapeutic benefit,
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b) 3-hyslco-ohemical studies of
.

myeloma proteins

Fundamental chemleal studies of the abnormal serum and urine myeloma proteins

have been carried out coincident with the clinical studies described above. Of

particular interest has been the demonstration that the abnormal serum constituents

when separated by filter paper electrophoresis show a marked affinity for Schiff

staining after periodic aoid oxidation. This is considered strong evidence in

favor of the postulate that these serum constituents are conjugated glycoproteins,

containing a significant amount of carbohydrate bound to the protein moiety. By

contrast to this behavior of the serum constituents, the abnormal myeloma urinary

proteins are "Schiff-negative". Accordingly, there appears to be a systematic

chemical difference between the serum and urinary constituents when both are present

in an individual case. It has also been observed that the abnormal urinary proteins

in a given case of myeloma, exhibiting both serum and urine abnormalities, has a

greater electrophoretic mobility than the corresponding serum constituent. Quite

possibly, this difference in carbohydrate content may account for the observed dif-

ferences in electrophoretic mobilities.

In order to explore further the interrelationship between the serum and urine

constituents in a single case of myeloma, studies employing Isotopically labeled

aspartic acid were carried out in conjunction with Dr. Samuel Graff in the Department

of Bioohemistry. Ten grams of N1^- labeled aspartic acid was administered to a pa-

tient with myeloma, and the serum and urine proteins were collected and isolated

over a period of two weeks. The dicarboxylic amino acids (glutamic and aspartic)

were Isolated from these two proteins, and their isotopic abundance measured.

These studies revealed a marked difference in "turnover characteristics" between

the serum and urine proteins. The serum constituent incorporated the label more

slowly than the urine protein and showed a T 1/2 = 13 days. By contrast, the N*5

label was rapidly Incorporated Into the urine protein, reaching a peak at 12 hours

and thereafter rapidly declining, with a T l/2 of 1.5 days. These results appear to

Indicate that the serum and urine proteins are independently elaborated, and that
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the urinary constituent is not a fragment of the parent serum protein. We are still

concerned, however, with the possibility that the serum protein may he unequally

labeled in this type of an isotope study, and that a "superficial" portion of the

serum protein molecule may receive a greater proportion of the labeled amino acid

than the "central core". This "peripheral portion" of the serum protein molecule

may "turn over" more rapidly than the "central core" and it is still possible that

the protein found in the urine may represent this smaller molecular fragment.

Further studies of this phenomenon are contemplated.

Biochemistry of Differentiation

Dr . Erich Hlrachberg and Mr. Gerald Merson have continued experiments bearing

on the biochemistry of differentiation in the slime mold Dictyostelium discoldeum.

The most intriguing feature of this organism, which motivated its inclusion in the

general program outlined here, is the division of the life cycle into two distinct

parts. In the first, the organism is unicellular and carries on active feeding and

proliferation; in the second, it becomes multicellular and exhibits a complex series

of morphogenetic movements in the virtual absence of cell division. This separation

of the two principal phases of cell life, proliferation and differentiation, permits

the investigation of biochemical events during the latter in the absence of synthesis

of new protoplasm.

Interest has been focused principally on the first phase of differentiation in

this organism, the aggregation of the single amoebae into the multicellular pseudo-

plasmodium. Three approaches are being employed: the inhibition of aggregation by

various chemical agents of known mechanism of action and, when possible, the iden-

tification of normal metabolites which can block this inhibition; the comparative

analysis of cells before and after aggregation in terms of various biochemical con-

stituents; and an attempt to establish the identity of the ohemotactic principle

which is produced by the central cells and causes the peripheral cells to aggregate

towards the center.
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In an extended series of tests, It has been shown that aggregation Is inhibited

by low concentrations of a variety of agents which can he classed loosely as folic

acid or pyrimidine antagonists (2,4-dlaminopyrimidlnes, 1,2-dihydrotrlazines,

several miscellaneous antimalarials); citrovorum factor and, to a smaller degree,

folic acid and thymine or uracil, block this Inhibition. In general, the most ef-

fective inhibitors in a series are those which have the most complex sidechain

substituents.

The chemotactic principle responsible for aggregation is present in very low

concentrations in the cultures and Is quite unstable. The results of current ex-

periments are consistent with the assumption that It is a peptide containing at

least four amino acids.
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Neurosurgery

The Department of Neurological Surgery, under the direotlon of Br. J. lawrence

Pool> continues its activities at the Francis Delafield Hospital, with special in-

terest in (1 ) improved methods of effecting relief of painj (2 ) studies in human

neurophysiology, utilizing observations which may "be obtained during the performance

of pain-relieving surgical procedures; and (3) collaborative investigation with the

Departments of Ifedicine and Radiology of various therapeutic methods applied to the

treatment of malignant brain tumors,

Drs , Henry Lies and Thomas Bridges, in collaboration with the Department of

Radiotherapy, are evaluating the effect of supra-voltage radiotherapy in a series

of patients with malignant brain tumors,

Drs . Roger Balsas. Henry Use, and John Potanos have collaborated with the

Radioisotope Department in a study of the behavior of 1*31 wnen injected via the

carotid artery in patients with known brain tumors,

Drs . Henry Has. William Clark, and Thomas Bridges are preparing for publica-

tion a method of effecting pain relief in terminal carcinoma patients by "fractional"

or "graded" saline-injection frontal lobotomy.

The technique of injection lobotomy is simple and relatively safe. Bi-frontal

trephinations are made under local anesthesia. Forty-eight hours later a blunt-

tip, lumbar puncture needle is inserted into one frontal lobe, anterior to the tip

of the ventricle. Fifteen ml. of warm, physiological saline are injected in five

ml, increments at each of three depths. This injection distends and destroys the

white fiber bundles of the frontal lobe, producing a "lobotomy" effect with the im-

mediate reduction of emotional tension and of pain. One to six injections at two

to three day intervals may be required. Injections are continued only until satis-

factory pain relief is obtained. Incontinence, stupor, and extremes of personality

change are avoided.

Drs. Clark, M.D. Yahr. and Bridges have completed a series of studies of cer-

ebral circulation based upon a plethysmography method which they have devised.
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This study has yielded these interesting observations:

1. Cerebral circulation responds to external stimuli, which activate the

sympathetic, vasomotor system. The response is vasoconstriction.

2. The cerebral vasoconstriction response to oold or to pain is dependent upon

the integrity of the cervical sympathetic chain.

5. Stimulation of the cervical sympathetic chain produces cerebral vasocon-

striction, whereas stimulation of the stellate ganglion has no effect upon cerebral

circulation,

h. Stellate ganglion procaine block results in diversion of blood from the

cerebral circulation to that of the upper extremity.

The Departments of Urology and of Neurosurgery are continuing a study of hypo-

physectomy for advanced prostatio carcinoma. While excellent pain relief may be af-

forded in about 50$ of cases of prostatic cancer, the effect of hypophysectomy upon

progress of the disease and upon survival is yet to be determined.

Drs . Yahr and Bridges studied the digital vasomotor responses to dorsal and

ventral nerve root stimulation during the performance of cordotomy for the relief

of pain. They found that, whereas sudomotor outflow has been shown by Bay et al.

to be limited to the seoond thoracio, and inferior thoracic, anterior roots, vaso-

motor fibers to the digital vessels transverse the lower cervical (C8) and thoraoic

one, two, and three roots. It is therefore neoessary to speak of sudomotor and

vasomotor divisions of the sympathetic nervous system, for the fibers subserving

eaoh function have differing pathways.

A study of the role of the dorsal root in vasomotor behavior revealed that an

intaot sensory pathway is required for preservation of normal segmental vasomotor

tone. Sensory interruption is followed by a short period of vasoconstriction

(paralysis of vasomotor function), and then by a period of vasoconstriction (unmodi-

fied vasomotor overactivity) which persists until sensation returns to normal. It

is felt that temperature sense is the significant modality, and that disturbed vaso-

motor reaotions result from impairment of temperature sensation.
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Pathology

The Department of Pathology has continued investigations in the area of carcin-

ogenesis, surgical pathology and histochemistry.

Pre . B.S. Oppenheimer, E.R. Oppenheimer, I. Danishefsky, and A. P. Stout have

made further interesting observations on polymer- induced sarcomas in rats. The

tumors have "been produced by carefully prepared pure polymers as veil as commercial

products suggesting that it is not an impurity present in the latter that accounts

for the tumorigenic action. In a series of convincing experiments, polymers were

labeled with radiocarbon. Collection of expired air and excreta from animals "bear-

Ik
ing the C -labeled plastic led to the finding of radiocarbon after 21 weeks. This

proves that the polymer is slowly metabolized and studies are now in progress to

identify possible organic products.

Drs . L.W. Gorham and A. P. Stout have carefully studied eight cases of massive

osteolysis. It was shown that this extraordinary disease which results in the com-

plete or partial disappearance of one or more bones is associated with a prolifera-

tion of capillaries designated as a hemangiomatosis. It is thought that this is

the mechanism of the bone resorption.

With Drs. 0. Auerbach. T. Petri ok, A.L. Stat singer, S.E. Maehsam, J.B. Fortran,

and J.B. Gere, Dr . A. P. Stout has been associated in a detailed study of the mucosa

of the tracheobronchial tree. The study has consisted of step sections of the

structures in non-smokers, light and heavy cigarette smokers and individuals with

carcinoma of the bronchus. It was shown that basal hyperplasia, stratification and

squamous metaplasia are increasingly frequent in the bronchial mucosa from the non-

smokers to patients with invasive carcinoma of the bronchus. This contributes addis:

tional powerful evidence to the importance of cigarettes as a factor in the genesis

of bronchogenic carcinoma.

Studies on the interdependence of cytoplasmic particulates by Drs . Silvio

Fiala and Edith Sproul and Mrs. Anna Fiala with Corticotropin (ACTS) have shown

that the growth of the adrenal gland induuod by this hormone occurs in two stages.
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The first is characterized "by an increase of the cytoplasm with a striking formation

of cytoplasmic, largely microsomal (chromidial) ENA and protein of the mitochondrial

and microsomal fractions. The observations indicate that the mass increase of

mitochondria is closely related to the increase in microsomal ENA. This effect is

independent of cell division. In the second stage the mass, ENA and ENA content of

the nuoleus increases and cell divisions follow.

Another line of study by the same investigators has shown that a similar pattern

of cytoohemical aotion is true also for other hormones of the anterior pituitary

gland such as the follicle stimulating hormones (FSH) and thyreotropin (TSH) in re-

gard to corresponding target organs. In hypophysectomized animals practically no

cell divisions occurred in distinction to intaot animals, while the cytoplasmic

growth induced hy these hormones was even more pronounced. The further study of

this growth promoting effect has shown that the inorease of cytoplasmic ENA is pre-

ceded hy a deep drop in the level of acld-soluhle nucleotides within 1-2 hours

after the injection of the hormones. Furthermore, it has been proven that the level

of respiratory enzymes such as succinoxidase depends on the cytoplasmic SNA system

oontained in the microsomes. As long as the level of microsomal ENA remains un-

changed following injection of the hormones there is no increase in succinoxidase.

It was of interest to compare in another line of investigation the growth pro-

moting effect of tropic hormones with that of artificial carcinogens. It was found

that carcinogenic azo dyes such as 3*"niethvl-^-dimethylaminoazobenzene cause a slow

increase in the ratio of the combined mass of nuolei plus the soluble phase of cyto-

plasm to the mass of cytoplasmic preformed elements (mitochondria and microsomes).

This ratio corresponds to the slowly changing metabolio character of the liver cell

following the feeding of the rat with the basal diet containing carcinogen. It was

found that the cellular changes induced by azo dyes are in the opposite direction

from the pattern of oytochemical action of pituitary hormones. A depletion of cyto-

plasmic ENA in microsomes preoedes the depletion of the preformed elements (mito-

chondria and microsomes). The increase of the macromolecular ribonucleoprotein frac-
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tion, the level of glycolytic enzymes and proliferation was observed only after

gross depletion of cytoplasmic formed elements took place.

With the aid of Mr. Kenneth McCarty It vas possible to follow the level of

soluble rlbonucleoprotelns obtained by using the Splnco ultracentrifuge on the

adrenal and liver homogenates and to correlate it with the level of glycolytic en-

zymes during carcinogenesis and after hormone administration. These preliminary

experiments suggest strongly that Just as the level of respiratory enzymes is dependent

on preformed cytoplasmic EUA so is the level of glycolytic enzymes dependent on the

level of soluble ribonucleoprotein fraction.

Dr . Fiala. with the assistance of Mrs . Fiala , has been attempting the isolation

of the liver fraction which firmly binds the carcinogenic azo dye. This fraction

was found to be mainly a peculiar albumin. Preparations several thousand times

purer (on the basis of nitrogen) were recently obtained. This work is being con-

tinued in an expanded form.

Dr . Fiala and Mrs . Fiala determined quantitatively the fractions obtained by

differential centrifugation from Ehrlioh ascites tumor oells. Cybochemical and

metabolic characteristics, expressed on the cellular basis of this tumor, are in

complete conformity with the conclusions reached before, namely, that in malignant

cells the mass of cytoplasmic formed elements is low when compared with the combined

mass of nucleus plus the soluble phase of the cytoplasm. The DNA content of the aver-

-12
age nucleus of the Ehrlioh ascites tumor oell was found to be 12,4 - I3.8 x 10 g,

suggesting high degree of polyploidy.
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Radiological Research Laboratory

As in the pest, the activities of the Radlcbgical Research Laboratory have been

iivided between a research project for the Atomic Energy Commission and problems re-

lated to therapeutic radiology and medical uses of radioactive isotopes. While the

work carried out for the AEC is conoerned with problems of special interest to the

3omm.lsslon, it generally involves fundamental problems in radiological physios and

radiobiology.

The radiological physios section is primarily ooncerned with absolute measure-

ments of both the quantity and quality of radiation as delivered to tissue. In ad-

dition to investigating new methods of such measurements, considerable effort is

being spent in determining certain parameters which are essential in the precise

dose measurement involving the ionization method. Raaiobiology under the Atomic

Energy Commission contract has been limited to specialized problems which have bear-

ing on radiation protection and which may shed some light on the biological action

of radiation.

Radiological Physics (Pre . Failla and Rossi , Mr. Gross, and associates.

)

Dose determinations involving tissue equivalent ionization chambers have been

performed at several installations in order to provide an absolute calibration of

exposures in radiobiological experiments. These measurements Involved both fast and

slow neutrons. Further progress has been made in the development of an instrument

for the measurement of dose as a function of LET (Linear Enbrgy Transfer). The in-

strument has been used in the evaluation of various spectra and this work has demon-

strated certain limitations in the LET concept.

Studies utilizing chambers having Internal gas multiplications have Indicated

that such chambers may be operated with multiplications of at least as high as 10

without any deviations from linearity over intensity variations of the order of 1C-5.

A calibration of a strontium-90 surface applicator was performed. A method for

the determination of the absolute emission rate of charged particles which has been

developed over the last five years has been tested. Both relative and absolute de-
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terminations of W (average energy loss per ion pair produced) for electrons were

carried out, and a determination of W for water vapor is in progress.

A number of measurements were also performed on relative specific energy ab-

sorption in various media. The study disolosed a satisfactory correlation between

theory and experiment. The method of measurement of K-capture isotopes which was

described in last year's report has been further developed. Checks showed good

agreement with other techniques.

Further research has "been done on determining conditions required for complete

saturation of ionization chambers.

The measurement of tissue dose produced by isotopes localized in small lesions

has yielded the point source ionization function of P^2 and s55 at distances near

the source.

The character of health monitoring instruments when used to determine a dose

delivered by plane thin "beta source has been investigated, yielding a nuzriber of

practically useful correction factors which may be applied in routine measurements.

A numoer of ancillary problems investigated include a study of the characteristics

of radiophotolumineecent dosimeters. A special high sensitive photo-cell circuit

has "been adapted for the purpose.

Experiments by Dr. Ruth Hill utilizing a phage Tj^ and a newly discovered mutant,

T^s , have "shed some light on a mechanism of spontaneous as well as radiation- induced

mutations in "bacteria.

Radiobiology (Drs . Roberts Rugh. Z. Disohe, Mr . Allen, and associates. )

Studies cased on young and adult rats and mice have "been continued. The retina

of the fetal mouse "between I3.5 and 15.5 days has been found to be seriously damaged

by as little aB 50 roentgens, the damage at k hours consisting of pycnotic and

karorrhectic nuclei. By 2k hours giant macrophages (phagocytes) begin to clean away

the dead cells and "by 72 hours the retina appears to be reconstituted, not "by re-

covery of damaged cells, "but "by replacement from undamaged and primitive neurectoderm
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cells. The developing "brain also reveals areas of active differentiation if exposed

to x-rays in doses from 100 to 300 r.

Radioiodine uptake in the thyroid gland of the pregnant mouse oan he reduced hy

the administration of potassium thiocyenate either before, during, or even k hours

after the injection of radioaotive iodine. The thiooyanate protects hoth the maternal

gland and those of her fetuses. Female mice vere given single or fraotionated doses

of 50 to 3OO r, and subsequently tested for fertility. Complete sterilization of all

females occurred hy 8 weeks following 100 r, and was in some cases achieved hy as

little as 30 r given at the rate of 10 r per week for three weeks.

The rate of reaction and recovery of adult vs. weanling rat peripheral "blood

(males and females) following acute (600 r) whole hody x-irradiation was studied over

an extended period of 175 days. Current research deals with determination of the

minimal dose of x-rays which will produce sterilization in adult and fetal mice; ef-

fect of p-mercaptoethylamine and hecaptan disulphide on ovarian sterilization hy x-

raysj relation of gonad hormones to radiation-protection, particularly in castrated

males, and effects of irradiation in utero on psychological "behavior in rats.

A study of the protein metaholism of the lenses of hoth young and adult rats, con-

trols and irradiated, did not show appreciable differences in the tryptophan content

even though it is known that young animals fed on tryptophan deficient diets tend to

get cataracts in their lenses.

A further study of the post-irradiation protection of rabbits by the intra-peri-

toneal injeotion of splenic plasma shows that survival of the treated group was signif-

icantly (at the 0.01 level) greater than irradiated but untreated controls. Rabbits

treated with dog pplenic plasma were also afforded significant protection.

Clinical radiation physics (Dr . Rossi , Mr . De Friess , and associates, )

Jfost of the work has been centered around the betatron. The installation of

the machine was completed on Maroh 30th and the first patient was treated on Sep-

tember 20th. In the intervening period a considerable amount of work had to be done

to insure constancy of operation, proper alignment, and accurate dosimetry. Some of
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this work is still continuing. In particular, it has been found that various comr

ponents of the machine have to he modified slightly in order to attain a greater

degree of reproducibility. A number of accessory pieoes of equipment had to be

built. These include a treatment table designed by Dr. Fat 11a, various monitoring

ionization chambers, treatment cones, and absorbers used in special treatment pro-

cedures. Problems which have been pursued in particular involve a number of depth

dose measurements, both near the skin surface and at greater depth in phantoms.

Some vork has been done on trying to develop better techniques for obtaining locali-

zation films. However, the results obtained are not adequate and further work will

have to be done along these lines in the near future. An intercomparison has been

performed involving similar betatrons at the M.D, Anderson Hospital in Texas,

Mallinokrodt Institute in St» Louis, and Msmorial Hospital. The results make it

possible to compare the relative magnitudes of the dose units employed at these

institutions. Work is in progress to determine the absolute dose delivered per

unit. Initial experiments have yielded this figure to an accuracy of the order of

10$, It is planned to obtain a figure of higher precision as a result of the pro-

jected work,

Other problems of radiologioal physics have been largely matters of routine,

inoluding calibration, treatment planning, and a considerable number of protection

studies. Special dosimetric problems include measurements with a reoently acquired

recording instrument whioh oan be used to determine dosage in body cavities. The

results of these measurements have been compared with dose computations based on

orthographic x-ray projections of radium implants using the method developed by

Kllgerman et al . This work is being done in cooperation with Dr. S t Gusberg of the

Department of Obstetrics and Gynecology,

A technique has been developed for the fabrication of molds containing a beta-

emitting isotope (Tr )', These molds are used for the treatment of superficial

malignancies, and a method has been found of determining the dose delivered accurate-

ly.
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Cancer researchproject on radiation dosage (Dr . E. Quimhy and Mrs . Cohen . )

Work has continued on methods to improve determination of dose delivered at a

specific region in the body. During the past year detailed tables and procedures

have "been prepared for the calculation of isodoee charts on a basis of currently

available depth dose data. Calculated charts are in excellent agreement with those

determined experimentally. -

A study is currently being carried out on the effects of radiation quality,

target-axis distance, and field size on the efficiency of rotation therapy of lesions u

in different parts of the body.
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Radiology

Presbyterian Hospital

With a grant from the United States Public Health Service a 2k million vol*

betatron was installed and tested in 1955. However, tho cost of reconstructing an

existing high voltage treatment building which was more than half again the cost of

the equipment has not been met. The betatron project is a long-term one in cancer

rosearoh.

The betatron is a high energy x-ray machine for the treatment of deep-seated

and recurrent cancer and allied diseases. Many physical measurements and animal

experiments were undertaken to insure safety in the treatment of patients. The

first betatron patient, who had a recurrent malignant tumor of the skull, was treat-

ed on September 20th and was televised nationally on "The March of Medicine." Since

its opening, betatron operating time has been divided between clinical treatments

for malignant diseases and physical measurements on a research basis. Research must

be carried on continuously to improve conditions under which cancer patients are ex-

posed to supervoltage radiation.

Dr . Harold Jacox continued his studies on the results of radiotherapy in car-

cinomas of the breast, lung and uterus. He is working on a clinical study of the

results of the radiation treatment of cancer of the urethra.

Dr. Russell Wigh in association with Dr. Norah duV. Tapley made studies on the

roentgen characteristics of cancer metastatic to the large bowel.

Dr. Jerome Nadelhaft is continuing a study of all salivary gland tumors treated

at Presbyterian Hospital.

Dr . Juan Taveras is working with Dr. Lester Mount on the evaluation of radiation

therapy of gliomas of the optic nerve and chiasm. With Dr. Charles Posner he is

working on cerebral angiography in encephalo-trigeminal angiomatosis, and with Dr .

Francis Cummins and Dr. Edward Schlesinger , he is determining the value of radiation

therapy in gliomas of the third ventricle and pinealomas. Dr. Taveras is collaborat-

ing with Drs . Nadelhaft and Paul Wermer on a study of unusual roentgen manifestations
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of reticuloendotheliosie. He has been evaluating the shift of the midline struc-

tures in cerebral angiograms and the forward displacement of abdominal viBcera "by

retroperitoneal masses and tumors. He has been investigating the roentgen findings

in cranial and cerebral trauma in infants and children and the angiographic diag-

nostic features of intracranial neoplasms by abnormal tumor circulation. Dr .

Taveras is working with Drs . Schlesinger . Harald Rossi , and Edith Quimby on the

development of improved techniques in radioactive isotopic localization of brain

tumors.

Dr . Donald Barnett is working on a clinical study of craniopharyngioma. The

Eleotrogastrographic Group under the direction of Dr. Edmund Goodman is now obtain-

ing a radiographic record of the position of the gastric eleotrodes during each

test. The Department of Eadiology is cooperating in differentiating gastric cancer

from other conditions discovered by radiologic means.

Dr . Gerhart Schware in collaboration with Dr. Donald Johnson is making a sta-

tistical study to test the validity of a new roentgen sign hoped to permit a reli-

able differentiation between benign and malignant gastric ulcers.

Dr . Josephine Wells completed a study of caloified liver metastases and is

starting a survey of radiation induced leukemia. Drs . Catherine Dalton and Samuel

Made11 are working on roentgen detection of cancer of the panoreas.

Dr . Morton Kligerman with Drs . Qaimby, Madell , and David Habif , made a statis-

tical appraisal of the use of radioactive iodinated human serum albumin for the de-

tection of liver metastases. He is conducting an experiment with Dr. Daniel Shapiro

on the augmentation of radiotherapeutic effects by multicombination cancer chemo-

therapy. In conjunction with Drs. Algernon Reese, Tapley , and George Evman , Dr .

Kligerman ts conducting a controlled study on the treatment of retinoblastoma by

radiation alone and by triethylenemelamine and irradiation. He is continuing re-

search with Dr. Virginia Frantz on a study of carcinogenesis from external and in-

ternal radiation in the thyroid of the long-Evans rat.
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Francis Delafleld Hospital

A. Radiotherapy

Dr . Ruth Outtmann Is still concentrating on the evaluation of supervoltage ir-

radiation, from the clinical as veil as the physical point of view. A number of pub-

lications summarizing these results are included in the bibliography of this Report.

The Riysics laboratory of the Delafleld Hospital carried out the following

studies:

1) Transit dose measurements for cobalt 60 rotating teletherapy by Drs. Carl B .

Braeatrup, George Hertsch , and Richard T. Mooney .

The object of this study is to determine the transit dose rate during moving

beam therapy and to obtain a graphical representation on polar coordinates of the

exposure rate.

A pilot model of the system has been completed and is used routinely on phan-

toms. Measurements on patients have Just been initiated. The system promises to be

of real value in determining the actual dose delivered to the tumor by indicating

the correction factors which have to be applied to phantom isodose measurements due

to the difference in density between tissue and water or masonite. It should be use-

ful also in positioning of patients and in duplicating techniques. Much experimen-

tal work remains still to be done before its accuracy and maximum clinic value will

be established.

2) Attenuation measurements of scattered cobalt 60 radiation in lead and build-

ing materials by Drs . Carl B. Baestrup and R.T. Mooney .

The purpose of this investigation is to study the shielding requirements against

oobalt 60 scattered radiation.

Extensive data have been obtained on the attenuation of cobalt 60 gamma radia-

tion scattered at various angles. The results are now being worked up in a form

suitable for protection design.

3) Isodose patterns for moving beam therapy by Drs . Richard Mooney . Eleanor

Englemann and Carl B. Braestrup .
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Isodose studies have been made using photographic films with the aim of pro-

viding the radiotherapist with standard isodose patterns for different rotational

techniques.

B. Eadlodiaflnosis

Dr . Arnold Bachman reports the following general research objectives and the

status of the research:

1) local angiography in neoplastic cases to distinguish between benign and

malignant tumors and to determine operability.

The injection of veins and arteries near tumors may demonstrate pressure on or

infiltration of these vessels by the tumors. This is of aid in differentiating be-

nign and malignant lesions. Pulmonary angiography is particularly helpful in dem-

onstrating obstructive or infiltrating lesions in mediastinal vessels and thereby

is useful in evaluating metastases otherwise invisible.

2) Intra-osseous angiography, particularly with respect to ribs and vertebrae,

is being performed in an attempt to determine bony, mediastinal and paravertebral

metastases.

Following intra-osseous injection into the ribs and vertebrae the intercostal

and paravertebral veins are quickly delineated radiographically. The intercostal

vein filling also leads to good demonstration of the azygous venous system in the

mediastinum. Obstruction and infiltration of the azygous vein almost always indi-

cate inoperable invasion of the mediastinum in cases of carcinoma of the lung.

3) Investigation of the radiographic appearance of post-radiation fibrosis of

the lung following radiotherapy in cancer of the breast is well advanced. This

work is now being done in collaboration by Dr. Doris Bate with Dr. Guttmann .

k ) An investigation of the value of a new intravenous biliary contrast mate-

rial, oholografin, in association with Dr. C. Crandall of the Department of Medi-

cine, which was begun last year, is now being completed. The investigation has

shown that doses considerably larger than those advocated are entirely safe, but

do not yield routinely better visualized biliary ducts.
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5) Certain aspects of the radiographic appearance of the larynx have teen

studied by Drs . Bachman. Bate , and Oscar Buiz . The radiographic appearance of sub-

mandibular lymph nodes, the pre-epiglottic space, the epiglottico-ventrlcular angle

and the disassociation of laryngeal ventricles has been given special study.

C. Badioblology

Dr . Anna Goldfeder made comparative studies on the biologio properties of two

animal tumors indigenous to the same host, and investigated the influence of the

time factor in radiation effects on biologic systems. She is continuing an attempt

to establish a relationship between rate of growth, metabolic activity and radio-

sensitivity of various types of tumors, and Is carrying out experiments to establish

sensitivity and metabolic activity of two types of tumors growing in parent hosts,

i.e., in the hosts from which they originated.
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Surgery

Drs . Edmund N. Goodman and Henry Coloher of the Department of Medicine, and

their associates have continued their experimental and statistical investigation

of the electrogastrogram in patients with gastric or duodenal abnormalities. The

apparatus permitting the placement of five electrodes in the stomach has heen de-

veloped further and preliminary records support the helief that this will prove to

he a fruitful field of investigation. A group of patients with non-malignant gastric

abnormalities have heen studied repeatedly in order to establish the consistency of

electrogastrographic records as well as to correlate changes with the clinical be-

havior of the patient. Studies are continued on patients with suspected or proven

carcinoma of the stomach. Localization of the electrodes is plotted by x-ray films

exposed during the study.

Of special interest was the participation of Br. Goodman's group in a symposium

on the electrogastrogram. The aaterial presented at this conference has been pub-

lished in pamphlet form.

Dr . Harold Harvey has continued hie statistical evaluation of the post-operative

results in patients suffering from carcinoma of the stomach. Through long term

accumulation of such data it is hoped that further improvements in surgical tech-

niques may be developed, as well as a better appreciation of the natural history of

this condition.

Drs . Robert Grinnell and N. lane continue their study of adenomatous polyps and

papillary adenomas of the rectum and colon. Of special interest during the past year

have been the clinical and pathological aspects of recurrences of adenocarcinoma of

the oolon and rectum at the suture line following surgical resection. In addition,

an analysis of squamous cell carcinoma of the anus was undertaken.

Drs . Frederic Herter and Thomas Santulli have conducted en experimental evalua-

tion of the influence of bacteria in the intestinal tract on the implantation of

tumor cells at the suture line following resection for carcinoma. This work was

undertaken because of l) the relatively high incidence of local recurrence of car-
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oinoma at the suture line, 2) circumstantial evidence that these anastomotic recur-

rences are due to direct Implantation of viable tumor cells in the lumen of the

colon at the time of resection, 3 ) an experimental study "by Vink vho concluded on

the "basis of a small series of experiments in rabbits that the normal baoterial

flora in the intestine acted as a strong deterrent to the implantation of tumor

cells at the suture line. The current study is employing suspension of Brown-Itearce

carcinoma cells obtained from tumors transplanted to the eyes of rabbits. As a

control study these tumor cells were injected free into the peritoneal cavity to

demonstrate consistent positive growth after transplantation. Other preliminary

studies involved a baoteriologlc investigation of the intestinal flora of rabbits.

It was found that oral neomycin given for 2k hour periods could reproduce with accur

racy the pattern achieved in humans after antibiotic preparation of the intestine.

Work is in progress with the implantation of these tumor suspensions into an isolat-

ed segment of ascending oolon of the rabbit at the time of resection of a small

segment of colon and end-to-end anastomosis.

Dr. Daniel M. Shapiro , together with Dr. M. Shi Is, and Dr. L.S. Dietrich of the

Department of Biochemistry have continued their studies exploring the rationale of

employing quantitative biochemical differences between neoplastic and normal tissues

as a basis for cancer chemotherapy. To date, five vitamins (thiamine, riboflavin,

pyridoxine, niacin, and coenzyme A) have been documented as being in low concentra-

tion in a mouse mammary adenocarcinoma (755). Two new niaoln antimetabolites have

been studied and revealed provocative results in that adding these compounds to a

previously described triple combination (azaguanine plus deoxypyridoxine plus testo-

sterone) yielded complete cessation of tumor growth.

Still more encoui,aging haa been the demonstration that another multi-combina-

tion can produce tumor regression. These latter findings can only be produced by

the complete multi-combination, !..£., no lesser combination of these same compounds

is capable of producing regression no matter how high the individual dosage of each

compound is pushed. These findings are considered highly encouraging toward the
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over-all goal of this program, namely, that multi-comhination therapy is capahle of

producing metabolic damage at sufficiently diverse points within the cell so as to

Bummate in lethal damage. The data is interpreted by the investigators as establish-

ing one of the "basic principles of the chemotherapy approach.

Studies to determine the biochemical locus at which anti-tumor drugs exert their

effect hare continued. Omega-methyl pantethine and his (pantoylaminoethyl ) disulfide,

two pantetheine analogues, were shown to have strikingly different affinities in

vitro for two coenzyme A dependent systems, transaoetylase and citrogenase. Omega-

methyl pantethine is a very effective inhibitor of transacetylase hut has little

activity against citrogenase. Bis (pantoylaminoethyl) disulfide, on the other hand,

is an effective inhibitor of citrogenase having little activity against trans-

acetylase. This latter compound also inhibits the in vitro synthesis if co-enzyme

A from pantetheine ATP.

It was observed that hydroxylamine was an inhibitor of endogenous uric acid

formation. It was subsequently shown that of the enzymes concerned hydroxylamine

specifically inhibited xanthine-oxidase activity. It was further determined that

hydroxylamine reacted with the riboflavin portion of the FAD co-factor in a manner

to prevent normal oxidation of the isoalloxazine nucleus.

Collaboration with Dr. M. Kligerman of the Department of Radiology on a combina-

tion attack of multi-combination chemotherapy plus radiotherapy was evaluated on a

mouse mammary adenocarcinoma. It was neoeeeary first to establish a regimen of

radiotherapy which did not destroy the tumor but did cause slight damage. The re-

sults of experiments employing this radiation dosage, together with multi-combina-

tion chemotherapy, demonstrate a greater cure rate with the over-all combination

than is obtainable with either modality of therapy alone. Further studies employing

a more powerful multi-combination of antimetabolites together with radiation are

currently in progress.

Pre . Cushman D. Haagensen and Dan E. Moore have continued investigation of the

milk agent in mammary carcinoma of the mouse. During the past year the results of
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experiments designed to determine the extent of activity of the milk agent have been

completed. These experiments shov that the milk agent can indeed he titrated and

that whole milk is still active at dilutions of 10"10but dilutions of 10"^show

little or no activity. The results of these experiments now make it possible to study

the virus in a quantitative way, These experiments also show that the milk can he

lyophilized with little loss in its ability to produce cancer.

In collaboration with Dr. Ernest Pollard at Yale University the cyclotron is

being used to irradiate milk samples so that the size of the infective agent may be

determined. The results of these experiments when completed within about two years

should indicate trhether the milk agent is actually a virus.

In collaboration with Dr. Margaret Murray, pure strains of mammary epithelial

cells are being grown in tissue culture for the first time. This is done in order

to study the effect of the milk agent on normal mammary gland cells when inoculated

into the test tubes with the growing tissue. If it should be possible to convert

normal cells into cancer cells, the whole process of this cancer etiology would lend

itself to direct and detailed study.

Dr . Hugh Auchincloss. Jr . has analyzed a group of about 150 patients with mam-

mary carcinoma and having mastectomies by the dermal dissection technique. Specific

interest in the follow-up ranging up to 10 years has been directed mainly at the

percentage of local recurrences as compared to those following other techniques of

mastectomy.

He has in process a study of more than 30 patients with positive internal mam-

mary nodes secondary to carcinoma of the breast. These patients had radical mastec-

tomies with partial resection of chest wall (Urban procedure). The follow-up of

this group is still under five years.

Surgical pathology

Dr . Carl B. Feind has conducted a study of head and neck surgical specimens.

The Surgical Pathology Department has cooperated in clearing these specimens in the

hope of adding to the knowledge of lymphatic spread of cancer of the head and neck.
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To date much Information has "been accumulated which might ultimately help the

surgeon determine the adequacy of his excision as well as the need for more far

reaching radical surgery.

Dr . R. Iattes completed a statiatical study of 80 cases of thymoma.

Dr . Virginia g. Frantz and her associates have continued the study of thyroid

cancer, with detailed study of specimens from radical dissections in an effort to

document routes of spread of the disease, and with serial sections to establish pos-

sible histological variations in primary tumors and their metastases.

They have almost completed a study on carcinogenesis in the thyroid of the

Long-Evans rat from internal and external radiation.

Drs. Haagensen. Iattes and Horsley have reviewed 86 cases of Paget' s disease of

the "breast. It wbb shown that in all cases in which histological study was adequate,

the Paget* s changes in the skin were associated with intraductal carcinoma of the

lactiferous duct. In almost all oases there was also intraductal carcinoma deeper

in the "breast.

Dr . John Pickren . now Chief Cancer Research Pathologist at the Roswell Park

Memorial Institute in Buffalo, has continued but not completed his study of serial

sections of axillary lymph nodes from cases of cancer of the breast. This study

aims at determining the actual incidence of microscopic metastases in lymph nodes '

reported negative on routine sections.

Dr . Nathan Lane has completed a similar study on serial sections of regional

lymph nodes from ten cases of malignant melanomas. These nodes had been previously

reported negative on routine sections j three of these contained microscopic nests

of oells interpreted as malignant. This is part of a project of clinical-pathological

study on their series of malignant melanomas conducted by Pre . J. Malm and P. Iattes .

The Histochemistry Research laboratory, under the direction of Dr. Gabriel C .

Godtnan, has continued investigations on l) nuclear constituents in the course of cell

differentiation and division, in viral infection and in other morbid states, and

2) chemical differentiation of cells of mesodermal origin.
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In collaboration with Dr. David P. Bloch it has "been shown using photometric

methods that In morphologically indistinguishable interphase nuclei those which are

functionally differentiated may be distinguished from those in preparation for

division, owing to distinct differences in the state of their deoxyribonucleoprotein

complexes. In connection with studies on the synthesis of DNA. and nuclear protein

in the cell cycle, Dr. Bloch has proposed a plausible mechanism for the replication

of new helical strands of the DKA molecule based on the molecular model of DNA-

protamine. He has suggested that interruption of the hydrogen bonds of the bases

takes place before replication, enabling the bases to rotate 180 about their glyco-

side bonds in the single polynucleotide strands held in position by basic protein.

This should make possible alignment of new nucleotides by attachment through their

complementary bases, and the formation of a replicate chain by internucleotide links.

The deoxyribonucleoprotein changes in various pathological conditions are under

study. The course of intranuolear viral infection with types 3, k, and 7 of the EI v

(AFC ) human virus has been the subject of a correlated electron-microscopic and

histochemical investigation in association with Drs, C. Morgan, C. Howe and H. Rose

of the Department of Microbiology. The crystalline intranuclear aggregates of viral

particles were found to consist of a nonhistone deoxyribonucleoprotein with properties

different from those of the intrinsic nuclear chromatin. A method of differential

staining of viral and host DNA. based on differences in relationship with their as-

sociated protein moieties has been devised. The viral DNA. was found to develop from

a matrix which does not contain DNA. Quantitative studies of the effects on UNA

synthesis of the virus responsible for human skin papilloma have also been extended

to indicate that the markedly accelerated intranuclear DNA synthesis does not occur

in stages which increase in regular multiples. In the later stages of intracellular

infection, all of the DNA is localized in the inclusion and is presumably viral.

Infected cells do not divide. Uninfected cells of the hyperplastic zone show a dis-

tribution of DNA content like that of the normally active stratum mucosum.
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The marked alterations of nuclear contents occurring in leucocytes in lupus

erythematosus were also studied microphotometrically with Dr. A. p. Deitch . It was

found that depolymerization of DNA in these "bodies could not he detected, and that

observed changes in dye "binding could "be related to the association of DNA of

nuclei affected by the lupus factor with unusual protein.

Investigations of the effects of hydrocortisone on nucleoprotein formation "by

cells in vitro, in collaboration with Dr. H. Grossfeld of the Department of Msdicine,

have also been started.

Work on the production of acid mucopolysaccharide "by cells in large scale

tissue cultures has "been continued in collaboration with Drs. H. Grossfeld, K.

Meyer, and C. Bassett, and Mr. C. Morris . Mass cultures of additional types of

mesodermal tissues are being analyzed. A sensitive and accurate method of evaluated

growth and cell numbers in cell culture preparations from which such data were here-

tofore difficult or impossi"ble to ohtain, has "been elaborated by Mr. C. Morris in

collaboration with Dr. T.D. Price of the Department of Biochemistry, using the ultra-

violet photometric-densitometric method for estimating DKA in chromatographic spots

on paper. Information derived from this method is essential to the conduct of ex-

periments on the relationship between growth and mucopolysaccharide formation.

The overall purpose of the laboratory for Cell Physiology, under the direction

of Dr. Margaret Murray, is to utilise the methods of tissue culture to investigate

a variety of medical problems at the cellular level. Progress has been made in

several areas, particularly that involving the nervous tissues.

Dr. Arlene Deitch (Post-Doctoral Fellow of the National Institute for Neurolog-

ical Diseases and Blindness) has completed a cytological study of developing spinal

ganglion cells in which she has shown that discrete Nissl bodies are not to be con-

sidered artifacts of fixation, but pre-exist in the living cell. Crucial data on

thiB point have been obtained by making successive phase-contrast photographs of the

same cell l) living, 2) fixed, 5) stained with basophil dyes for Nissl substance.

TJltra-violet absorption studies of the living cell, undertaken with Dr. Montrose
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Moses of the Rockefeller Institute, corroborate the data obtained by phase-contrast

microscopy.

Following up her earlier studies on myelin production in vitro and circumstances

surrounding it, Mrs . Edith Peterson has "been investigating the nutrition of the

spinal ganglion complex with the aid of chemically defined media. Parker and

Healy's 858, which is adequate for growth and maintenance of fibroblasts, is not

adequate for these ganglion explants, in which we are dealing with a mixed popula-

tion of cells whose mutual contributions to the progressive differentiation of the

whole must he maintained in delicate balance. In the synthetio medium, unsupplement-

ed, the Nissl pattern of the neuron may mature normally, but Sohwann and satellite

cells are adversely affected; reticulin and myelin sheaths are not produced. It ap-

pears that the neuron may produce and store nucleic acids visualized as Nissl sub-

stance in the absence of normally functioning satellite and Schwann cells, but is not

able to form myelin and reticulin sheaths without their participation.

Pursuant to his pioneer work in recording action potentials from spinal ganglion

cells in vitro, in which both cell and penetrating electrode are visualized under

the high-power microscope, Dr. Stanley Crain has been extending his techniques to

deal with lees favorable, but in some respects more desirable neuronal material.

Action potentials in response to eleotrical stimuli have now been obtained from cul*.

tures of chick embryo spinal cord and sympathetic ganglia, demonstrating that function

can be maintained in these tissues also for at least several weeks in vitro . Human

brain and sympathetic ganglia have so far resisted his efforts to register electrical

activity, and he is attempting to identify the factors responsible for this diver-

gence in behavior.

Mrs . Helena Benitez has prepared a brief time-lapse movie film demonstrating

in vitro the tetanic response of oligodendroglia to serotonin. She has shown also

that in these cells (from rat and human brain) there is an interaction between the

effects of serotonin and those of lysergic acid diethyl amide. These observations

reveal a mechanism by which such drugs may exert direct physiological effects upon

brain cells.
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In the course of studies on the Bittner milk factor and its relation to mouse

mammary carcinoma, Dr. Etienne Lasfargues has developed a method of growing normal

adult mammary epithelium in quantity in continuous culture. This is "based on the

dissociation of the mammary tissues with oollagenase and subsequent separation, "by

centrifugation, of the cellular from the fibrous and lipid components. This long-

desired achievement will he of value also in other fields, e.£. , endocrinology and

human cancer. Its immediate application has provided continuous cultures of adult

mouse mammary epithelium which can be inoculated with the milk factor and assayed

periodically as a substrate for the multiplication of the agent. Pilot experiments

are under way to investigate the poesiMlity of detecting the milk factor in tissue

culture "by means of fluorescent antibodies. Success in this direction would reduce

the Mo-assay period from ahout 2 years (in vivo), to 10 days, in vitro .

In the field of cancer chemotherapy, Mrs . Buth Eising is cooperating with Drs .

Gellhorn and Hirschherq and members of the Neurosurgical Service. This work in-

volves a lj.-way correlation "between the effects of a series of oarcinolytic compounds

on a transmissible mouse glioma in vitro and in vivo and the human glioblastoma mul-

tiforme in tissue culture and in clinical trial. Encouraging results have been oh-

tained with the anti-malarial quinacrine, which is lethal to the mouse and human

tumors at low concentrations (m/20, 000 ) in vitro. However, though it is possible to

get this oompound distributed into human and mouse plasma at these levels, it appears

that the concentration of the drug in the tumor cells in situ reaches only l/lO - l/5

this amount. Belated compounds are under study.

In collahoration with Drs . Arthur Purdv Stout and Baffaele Iattes. Dr. >forray

has continued her efforts to extend, through observations in vitro, the existing

criteria for classifying and diagnosing human neoplasms,

Financial support for the above research efforts was derived from U.S. Publio

Health Service grants C-2520 and C-2636 from the National Cancer Institute, and B-858

from the National Institute of Neurological Diseases and Blindness j also from the

American Cancer Society, P and S Institutional Grant, and the Surgical Besearch Fund.
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During the past year Dr. Grant Sanger has made a statistical review of all the

colon and esophagus carcinomas that have "been seen in Delafield since its opening,

and with Dr. Whitney Woodruff all of the cases of "breast carcinoma have likewise

been reviewed and analyzed.

Experimental work on the palliative relief of ascites "by means of exposure of

the mucosal surface of the terminal ileum within the peritoneal cavity, as first

suggested by Neuman and associates (Surgical Forum of American College of Surgeons,

1955 ), has "been carried on "by Drs. Frederic ?. Herter and Archibald G. Fletcher, Jr .

Experimental ascites is produced in dogs "by constriction of the inferior vena cava

above the diaphragm. A segment of terminal ileum is then isolated and the mucosal

surface everted within the peritoneal cavity as an- absorbing surface. The results

so far have "been equivooal. The method does not appear promising for the relief of

ascites due to portal cirrhosis, but it may prove of value in the palliation of pa-

tients with persistent and incapacitating ascites due to peritoneal implants of

carcinoma.

On the Head and Neck Service at Delafield Hospital, Dr. Yarham Bakam,1ian has

continued the work in the development of plastic techniques for reconstruction of

surgical defects following extensive excision for cancer in this area.
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Prolog^

Under the direction of Dr. Perry B. Hudson, the group vhioh includes Pre . T.D.

Price, Michael E. Lomhardo, and Morris London have continued their research activity

on the subject of genito-urinary cancer along several lines. These include investi-

gations in steroid chemistry, enzymology and nucleic acid metabolism, and have in

part utilized clinical material from the urology ward of the Francis Delafield

Hospital. In the interest of clarity, the progress made in these three categories

vlll be reported separately.

In the field of steroid hormonal chemistry, studies have been undertaken to

elucidate the nature of the steroid hormones in human testicular vein blood and

adrenal vein blood obtained from patients with disseminated carcinoma; to establish

the quantitative nature of urinary estrogens in female patients with metastatic

mammary cancer before and after ovariectomy and total adrenalectomy; to isolate and

identify the metabolites of cortisone and meticorten from the urine of adrenaleo-

tomized patients maintained on these substances? to study the role of the kidney in

the metabolism and excretion of steroid substances j and to study the pathways in the

biosynthesis of the adrenocortical hormones by the human adrenal and of the testic-

ular hormones by the human testis.

Testicular vein blood, peripheral vein blood and adrenal vein blood have been

collected from a number of patients, extracted and fractionated, and are ourrently

being subjected to chromatographic separation and identification. Preliminary re-

sults from a detailed study on urinary estrogen excretion in female patients with

metastatic mammary carcinoma before and after ovariectomy and total adrenalectomy

show a definite trend toward a depletion of urinary estrogens following total adre-

nalectomy. In collaboration with Dr. Charles Crandall of the Department of Medicine,

corollary clinical studies were made of the calcium metabolism of mammary cancer pa-

tients with osteolytic metastases to determine possible preoperative criteria to

foretell "beneficial results from adrenalectomy. However, the results were incon-

clusive.
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The metabolites of cortisone in the urine of an a&renalectomized patient have

"been isolated and identified. In in vitro perfusion experiments on functional dog

kidney preparations with six steroids of varying polarity, it was found after frac-

tionation, extraction, separation and purification that 9 to 12$ of cortisone and

hydrocortisone and 2.9$ of Beichstein's compound S were recovered in the free frac-

tion of the urine, whereas only microgram quantities of the lees polar steroids

were recovered. No metabolites of the perfused steroids could "be isolated in any

k
of the perfusions with the exception of testosterone, which was converted to ^ -

endrostene-3,17-dione, and in none of the experiments were any steroids found in

the sulfate or glucuronide fractions of the urine. In an in vitro study of adrenal

glands obtained from female patients with metastatic carcinoma of the "breast, the

conversion of progesterone, 17-a-hydroxyprogesterone and 11-deoxycortisol to Corti-

sol was demonstrated.

Several enzymes are being studied - prostatic acid phosphatase to determine its

kinetic properties and mechanism of denaturation; uricase as a potential means of

lowering uric acid levels in cancer patients; and tripeptidase to establish its

properties, develop an assay procedure and evaluate the significance of elevated

levels in the sera of cancer patients.

A number of inhibitors of prostatic acid phosphatase have been identified and

classified, and a theory developed to explain the mechanism of their behavior. A

purified form of uricase has been administered to patients, with a resultant tempo-

rary excretion of allantoin and deoroase in serum uric acid levels. Assay and isola-

tion procedures for tripeptidase have been developed, and studies are under way to

determine a possible correlation between cancer processes and serum tripeptidase

levels.

With regard to nucleic acids, research is being undertaken to obtain informa-

tion on the biosynthesis and the physiological and pharmacological factors capable

of influencing the nature and rate of formation of these substances in human tissues,

and to elucidate aberrations in their metabolism known to exist in human cancer

cells.
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A substantial amount of information has been gained on the rate of renewal of

individual chemical components of nucleic acids obtained from the human adrenal,

kidney, ovary, prostate and testis, and the low weight nucleotides are also "being

studied. Investigations on the permeability of the cells to nucleotides have re-

vealed that the cell membranes are readily penetrated by nucleosides and phosphate,

which combine to form nucleotides. Tracer studies with radioactive phosphate have

shown that rates of renewal of phosphorus of intracellular "small-molecule" nucleo-

tides, ribonucleic acids and deoxyribonucleic acids in human organs have relative

values approximating 10,000, 100, and 1, respectively. Other studies on the mech-

anism of nuoleio acid biosynthesis have been carried out on mice and bacteria, the

latter in collaboration with Dr. S. Zamenhof of the Department of Biochemistry.

The statistical group has been increased in numbers to continue amassing

statistical data concerning the incidence of prostatic cancer in the aging male

population, the results of hormone-depletion operations and other forms of therapy

for prostatic and mammary cancer, and survival times following various types of

treatment for prostatic cancer.

In view of the "corticoid-like rt properties of glycyrrhizin in the maintenance

of adrenalectomized patients, it is presently being assayed for antiphlogistic

properties and for its effect on the hypophysis.

New animal surgery facilities are being utilized at Delafield in an attempt to

develop more satisfactory surgical techniques for surgical procedures on the

bladder in canoer patients.
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This, the sixth annual Scientific Report of the Institute of Cancer

Research is dedicated to fellow workers in other institutions and to the

individual donors, foundations and Governmental agencies which have helped

to support through grants the work summarized in the succeeding pages*

The reports here included have been prepared by the investigators involved

in the work and the evidence amassed during the year constitutes, we hope,

an eloquent expression of appreciation for the financial aid provided by

so many.

The growth of public support for cancer research during the past

two decades has been tremendous and ever increasing. One of the conse-

quences of sustained grants-in-aid is continuity of research effort on a

particular problem. This is well demonstrated by the cancer research

activities at the College of Physicians and Surgeons. Much of the present

report is devoted to the description of findings in ongoing programs which

have been discussed in previous years. This indicates that broad areas of

investigation have been selected within which systematic study can be

profitably conducted for a number of years. In addition to the continuity

of research on a program, there is strength provided through the sustained

efforts of Investigators who can give their individual attention to investi*-

gations with the reasonable expectation that their financial support will

bo continuous, in both laboratory and clinical cancer research here, there

is a strong core of investigators; in addition to their research these

men and women provide training to others who come for periods of one to

vivo years and then go on to initiate their own programs. The combination

of research and training for research is, I believe, an excellent way to

invest funds for investigation since it provides an immediate dividend in

the form of increased knowledge gained from the programs under way and it





provides a long term security through the training of future contributors

to knowledge of cancer and its control.

Alfred Gellhorn, M.D,

June, 1357





3

V.'e wish to acknowledge, with thanks, support from the following:

The Alma Toorock Memorial Fund

The American Cancer Society

The Anna Fuller Fund

Mr, Arthur Solomon

The Charles UlrSck and Josephine Bay Foundation

The Damon Runyon Memorial Fund •

The Estate of Mrs? David Mlnton, Sr,

The Estate of Mrs, John Given, Sr,

The Haisted Fund

The Hyman Goldburg Memorial Fund

The Esabel MacMilHn Fund of the Presbyterian Hospital

The Jane Coffin. Ch it ds Memorial Fund

The Catherine Converse Strong Memorial Fund

The Nancy du Pont Reynolds Gift

The National Science Foundation

The National Vitamin Foundation

The New York City Cancer Committee

Mr, Robert Rimsky

The Ruth Estrin Goldberg Memorial Fund

The Schering Corporation

The Thyroid Cancer Research Fund

The United States Atomic Energy Commission

The United States Public Health Service

The United States Veterans Administration

The Upjohn Company «

The William J s Viol 1 man Foundation

The Williams-Waterman Fund





b.

.'.''

'. --t''._:.,t,' stry

At the Francis Del afield Hospital, Dr. Samuel Graff
, and his asso-

ciates are engaged In a variety of studies which are integrated toward the

common problem of growth and development.

s ) in vitro tissue or cell cultures provide opportunities for de-

tailed studies of metabolic events in pure cell strains under conditions

which are dissociated from host influences. These cells are Immortal and

propagate logarithmically under the ideal conditions which have been

approximated In the continuous cytogenerator developed by Dr. K»S„ KcCarty.

This device has now been In successful operation for some time, serving

both as a stock repository for viable cells and for studies Sn intermediary

metabolism under exquisitely controlled conditions. This apparatus, the

technical equivalent of a heart, Jung, kidney preparation, avoids the dis-

co ntinul ties and fluctuations of static flask culture and makes possible

15
the propagation or masses or cells sufficient even for N studies. It is

significant that ascites cells have been cultured in vitro (In logarithmic

;e) for the first time by means of this device. Application to

screening studies are obvious and the device is already In operation in

several laboratories for that purpose,

experiments with isotoplc tracers, including both C and N ,

are yielding Information on biochemical events in cultured cells and on

the Influence of extrinsic factors on the selection of alternate meta-

bol ^c pathways.

b) Growth, which entails biosynthesis, depends on a series of

coupled endergonic reactions. Dr. Aaron Freedman, utilizing isotoplc

tracers, Is engaged in the study of the bioenergetic pathways in the

intact animal, and how they are influenced or regulated by nutritional

status, hormones, and other intrinsic or extrinsic factors. His





experiments involved detailed studies of tricarboxylic acid cycle turnover

activity. His findings support the conclusion that the tricarboxylic

acid cycle is an important contributor of protoplasmic constituents as

.... as a medium of energy transfer. The significance of these findings

to the specific problem of tumor growth is the subject of continued

investigation.

c) The energy requirements for. metazoan biosynthesis are mainly

satisfied by the oxidation of dietary fats and carbohydrates by way of

glycolysis, the tricarboxylic acid cycle and the electron carrier chain

which terminates with molecular oxygen. Diminution, within certain limits,

of oxygen is compensated for by physiological and anatomical adaptations

which tend to increase efficiency of delivery of oxygen to tissues even in

the face of decreased ambient oxygen tension, and by cellular adaptations

which enable cells to at least carry on maintenance reactions even though

less oxygen is delivered to the tissues. JDr. Max Elsenberg is invest i~

gating the biochemical features of cellular acclimatization to partial

hypoxia. This phase of acclimatization appears to involve a selection

in metabolic pathways including enhancement of glycolytic mechanisms in

compensation for diminished carrier chain activity.

d) Slosynthetic activities arc diminished when animals are forced

to reside under decreased oxygen pressures. The imposition of a degree of

hypoxia tolerable to the host by virtue of acclimatization brings about an

inhibition of the rate of growth of tumors in animals, Our collaborative

experiments with Drs. A. Barach, H. Blckerrnan , and G. Beck of the Depart-

ment of Medicine, on tumor inhibition by tolerable hypoxia continue to be

fruitful. The tumor-inhibitory effects of hypoxia therapy have been con-

firmed many times. The relation of rate of acclimatization, persistence

or reversibility of the phenomenon, and the clinical criteria of
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acclimatization are under exploration* Both iho decree of hypoxic to which

an animal may be acclimatized and also the response of tumors to hypoxia

are species or type characteristics respectively. That hypoxia therapy may

be profitably applied to the human is suggested by the experiences of moun-

tain climbing expeditions; the last Everest expedition established base

camp at an altitude of 21,000 feet, which was considered to be within the

limits of human acclimatizabi 1 ity

e) Chemotherapy continues to develop largely along empirical lines.

What Is sought are reagents which will selectively Interfere Y/ith biological

mechanisms which are either qualitatively characteristic of tumors or quanti-

tatively preponderant in tumors. Such selectivity is often the result of

subtle structural nuances. This laboratory, therefore, some time ago

embarked on a systematic program of synthesis of heterocycles whereby

different substituents In different allocations could be compared for bio-

logical activity, Dr_» H. B, Gillespie and Mr, Francis Spano have extended

their synthesis of new benzotriazoles,- benzimidazoIes,and quinoxallnes with -

a report on the synthesis of 3>^-d!amino-5 nitrophenetole and 3»'-i-~diamir.o-

2-nitroanisole, because nitro substitution often appears to endow such

compounds with biological activity. About 60 new compounds have been pre-

pared so far in this program, Many of them are under biological tests in

several laboratories, both here and abroad in several different systems.

f) The developing Rana p; pi ens embryo is a useful test subject

for study of biological inhibitors because it is comprised of a closed

system which develops in observable stages permitting a comparison of cell

cleavage without synthesis with endergonic post-gastrular differentiation

and synthesis. Dr c Kathe Lledke has made further progress in her appiica-

tion of the substituted heterocyclic compounds listed above to developing

-pi ens embryos. The finding, cited In a previous report, that
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, . _ :hoxy~7~nltroquinoxaline and ^-methoxy-6-ni trobenzotriazole were stage

specific in that the former compound interfered with cell cleavage primarily,

whereas exposure to the latter compound preferentially inhibited older

differentiation stages, has enabled her to pursue the problem of specificity

in detail by means of tissue transplantation and explantation. The possibi-

lity of reversibility or release from Inhibition, and the effects on future

cellular events of transient exposure to the agents have been under scrutiny.

Not only do these experiments sharply illustrate the influence of chemical

structure on biological reactivity, they also demonstrate that there are

qualitative differences in the enzymatlcally catalyzed reactions leading

either to cell division or to differentiation and growth.

g) Following the dOif.or.5trc.zl or. of . ewe'/i the- the Incidence of

leukemia in C5S mice can be decreased markedly by foster-nursing the young

or p'.t Storrs-Little mothers, this laboratory undertook to Isolate the

effective substance from t;he milk of old Storrs-Little mice. The program

necessitated establishing three highly-inbred strains In our laboratory,

the CpO strain In which leukemia is endemic and which serves as our test

strain, the Storrs-Little strain of which old females supply the milk, and

the Bagg Albino, a vigorous neutral strain without which we could not rear

the Storrs-Little strain,

A large colony of the Storrs-Little strain Is operated as a dairy

from which we now obtain approximately 1500 ml of milk from females of II

months of age or over per year. Suitable experimental preparations of this

.... are administered to young CpS mice and the incidence of leukemia as it

develops Is determined by clinical signs and histological examination. Mrs .

Graff , who is responsible for the processing of the milk and for the

observations, has demonstrated that the active substance Is of low molecular

weight, I.e., that it Is ultrafilterabje, it is heat-labile and efficacious-





only when It is administered early In life. Titration of activity v;as not

decisive, not only because the expression of leukemia is highly variable in

time in untreated C50 mice }
but also because the route of administration,

usually parenteral, Inactivation by metabolic processes or by isolation

procedures; and the decrease of effectiveness with the age of the recipient

are also Imponderable variables. Experiments on Its chromatographic proper-

ties are still in progress. Evidence has been adduced elsewhere that leuke-

mia in the C58 strain has a viral etiology and so it can be hypothesized that

the protective substance is either an anti-viral agent or that it acts by

way of protecting the virus host by prevention of cellular malignant mutation.

;.'_ Dr_ c Victor Ross is Investigating possible qualitative or quanti-

tative deferences between the serum proteins of animals inoculated with

Ehrlich ascites tumor cells and those of uninoculated animals In o search

for host reactions to tumors which might be of diagnostic value, Electro-

phoretic studies of the blood sera of rats and mice after intraperitoneal

inoculation of escites cells by means of the moving boundary method are in

progress* These studies utilize several different buffer systems fn order

to make certain that slight changes which might not be apparent in one

buffer could be detected In another, and so that the relative concentrations

of the several serum proteins, which apparently vary somewhat according to

the buffer system used, could be evaluated with less error.

:_ja era now available for the blood sera of rats inoculated with

mouse ascites cells beginning with the third day after inoculation and

daily thereafter to the tenth. day when young adult rats are generally fully

recovered, increasing amounts of ascites fluid and multiplication of cells

are apparent from the third to the fifth or sixth day after inoculation.

eC-GIobuIin Increases greatly in the blood of the rats at the time of

maximal tumor cell growth, and there is also an Increase in two fast-moving
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components with mobilities somewhat greater than that of albumin in the sera

of inoculated rats and mice Small amounts of these fast-moving components

an be detected in normal rat and mouse sera when careful experimental tech-

niques are employed*. There Is also a fall in albumin concentration following

tumor transplantation in both species of animals* Electrophoretic exarnlna-

tion of the ascites fluid and of tumor cell extracts have also been made.

The data are as yet insufficient to Identify any of the tumor cell proteins

...... ~'.cc- serum components, but it appears, tentatively, that the electro-

phoretic mobilities of several of them are not dissimilar to those of some

of the serum proteins of both mice and rats.

Also at the Francis Deiafleld Hospital, Dr. PhSHp Fe I gel son and Mrs .

:•"--:! cs 1 son have continued their studies on the cellular mechanisms

controlling the enzyme levels within mammalian cells. The roles of the

nucleic acids, RNA and DNA, were investigated in adult rats during the

substrate-induced elevation of tryptophan peroxidase. It was found that

"aperltoneal tryptophan administration caused a nine^fold elevation In

the liver tryptophan peroxidase activity reaching Its maximum levels at

five hours following the amino acid injection", the enzyme level then

rapidly fell reaching control levels at 15 - 20 hours post-Injection. The

Incorporation of radioactive inorganic phosphorus into the RNA and DNA of

these livers was studied during various phases of this enzyme protein

uction. St was found that during 0-5 hours post-tryptophan injection

little or no stimulation in RNA or DNA synthesis occurred, however at the

10 - 15 hour period a three-fold elevation of RNA turnover was repeatedly

noted, the DNA remaining essentially uninfluenced. Thus, there seems to be

_ ......\;c~ stimulation of RNA synthesis which follows the enzyme protein

synthesis, Gur current working hypothesis is that RNA is a reactant which

is consumed during enzyme protein synthesis and that this consumed RNA Is •
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replaced subsequent to this period of active protein synthesis. These studies

are currently being extended Investigating the turnovers of the RNAs of the

/arlous subcellular components during these processes.

Dr . Fe I gel son has continued his studies on the nature of the xanthine

oxidase catalyzed oxidations and the mechanisms of enzyme Inhibition by chemo-

therapeutic agents. This enzyme catalyzes the oxidation of both hypoxanthlne

and xanthine to uric acid. Kinetic spectrophotometry studies demonstrated

the accumulation of free xanthine during the oxidation of hypoxanthlne to

uric acid, thus Indicating the more rapid dissociation of the enzyme-xanthlne

com; lex than the conversion of the complex to uric acid and free enzyme, A

kinetic expression was developed for the overall reaction sequence which

Indicates that under steady state conditions, such as would prevail In vivo ,

the xanthine concentration should bo approximately 70 per cent that of the

steady state hypoxanthlne concentration. Thus free xanthine Is generated

and may be available to serve as an In vivo reactant in anabolic reactions.

In hope of gaining Insight Into, the nature of the substrate binding

_lues as well as the catalytic center of xanthine oxidase, the Michaells

constant u M) and the rate of conversion of the xanthlne-enzyme complex to

uric acid and free enzyme (k~) , were studied as a function of pH. As the

pH was raised from pH 6 to 10 a gradual four-fold Increase In k_ was

observed. Over the pH range of 6 to 8.5 the K varies but slightly, how-

ever as the ptf Is raised from 8.5 to 9.7 there is a twenty-five-fold

Increase in Kv Indicating a dramatic decrease In the affinity of the sub-

strate for the catalytic center of the enzyme. This Is the pH at which

the free NH + groups in proteins ionize losing their positive charge. As
3

xanthine Is negatively charged at these pH J s it may be Inferred that

coulombic attractions between the negatively charged substrate and positively

charged NH + groups of the enzyme surface are primary In binding the





. jbstrate to the enzyme; likewise since no such alterations in k took place

this indicates that the NH + groups of the enzyme protein are not directly
'j

concerned with the catalytic activity itself but rather implies that they are

concerned exclusively with binding the substrate to the enzyme prior to Its

^-'.-"ytic transformation.

Enzyme Inhibition studies employing certain pyrazoloCS^.-dypyrSmidines

demonstrated that these compounds are competitive inhibitors of both purine

— aldehyde oxidations by xanthine oxidase, thus indicating that both classes

of compounds are oxidized at the same active center of the enzyme.

in the laboratories at the College of Physicians and Surgeons, Dr_»

.•' - •.
. rschberg. has continued his participation In the interrelated pre-

. . of research on the pathophysiology and chemotherapy of neoplastic

disease described in-a later section of this report, in addition, he is

pursuing with Miss Eva Landosman experiments concerned with differentiation

in the slime mold D i ctyoste 1 ;

u

rn d I s co i deum . The first phase of differentia-

tion In this organism is the aggregation of the previously independent

amoebae to form a multicellular pseudoplasmodium. This process is initiated

and controlled by an unidentified chemotactlc principle, called acrasin,

produced by the central amoebae, Acrasin Is present in very low concentra-

tions and is unstable under normal conditions. Much of the work of the

past year has been devoted to attempts to elucidate the chemical nature of

this chemotactic principle,.

Freshly collected fluids containing acrasin give positive reactions

in spot tests with ninhydrin, biuret, and the.Pauly reagent for imidazoles.

Hydrolyzates of acrasin concentrates yield spots corresponding to several

amino acids in paper chromatograms. Acrasin concentrates exhibit an ultra-

violet absorption spectrum with a peak in the region of 255-260 my

>

Ihile concentrates of analogous fluids collected from cultures of the slime
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mold prior to the appearance of acrasin do not give the same absorption

spectrum. A number of methodological problems, particularly the development

of a reliable and rapid biological test for acrasin, are currently under

Investigation.

D_r 6 Stephen Zamenhof has studied the effects of introduction of

^--.-cmouracil Into DNA of E. col! on the heredity of the cell. in certain

cases it was found that this produces high mutation rates and can unstabi-

l i ze the genes. Spontaneous gene labllSzatSon and stabilization was

studied for comparison. Sn some cases the unstable genes are not eliminated

by natural selection and may play an Important role In the evolution.

Sn another project, Dr. Zamenhof and Dr. Sheldon Greer have round

that the cells containing 5-bromouracll in their DNA are up to 3000 times

more sensitive to ultraviolet irradiation. These studies were carried

out principally with thymlne-requiring mutants of £. col

i

. He has inves-

tigated the conditions for introduction of 5-bromouracil into DNA of wild

Cw.*alns of E. coll.
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Studies currently under invest I gat I or. in the Department of Dentistry

of Franci s Delafield Hospital continue to be concerned primarily with the

clinical and laboratory evaluation of various pharmacotherapeuttc agents as

well as a group of problems In the fields of oral pathology, physiology,

and bacteriology* A number of the studies described in the previous year's

report have been completed and appear as literature references in this

year's bibliography. These studies and those described now In progress have

been undertaken by Drs a John D» Plro , Edward V„ Zegarel II 3 and Austin H,

:':;•':£• cher c

Current Investigations Include: studies in humans concerned with

the subcutaneous pain threshold with pressure using the Hardy-V/olff-Goodell

a', gesimeter ; histopathological study and picture atlas of patients with

"familial vir.lto folded hypertrophy of the oral mucous membranes", with the

Department of Pathology; continuation of a previously published disc

sensitivity jtudy Including newer and. also previously available antibiotics

[including thlostrepton, albamycln) In terms of all organisms Isolated in

the bacteriological laboratory 3 with the Department of Bacteriology; con-

tinued evaluation of a reported relationship between the occurrence of

torus palatinus and breast or uterine carcinoma; an evaluation of various

denture adhesives; studies directed at demonstrating physiological and

mechanical activity of India Ink; continuation of previously published

studies evaluating a series of new local anesthetic agents (Carbocalne

and Squibb MC 2252) In terms of toxicity findings following their intra-

a.-a! l.-.jcotlcn into muccbuccal fold areas - in association with the

Department of Pathology; similar study of topical anesthetics (Vesprin,

Ophthaine, Squibb MC 2S53, Carbocalne and a.-tlhlstaminic agents) following

topical aoo'ication to the mucobuccal fold area; evaluation of mycostatin





Fluorohydrocortisone In the treatment of denture sore mouth, cheilosis,

glossitis in the normal human, hospital personnel, debilitated and

ter \_
. carcinoma patients; studies in humans of the efficacy, allergen! city

(patch and scratch tests) and hi stopathology of cultured calf bone following

implantation into sockets, with the Department of Pathoiogy; evaluation of

the physiological and pharmacological effects of epinephrine comedication

in causing reactions when injected with local anesthetic agents during dental

clinic and operating room procedures, with the Department of Anesthesiology;

effectiveness and usefulness of a new local anesthetic agent, Carbocalne,

including study of toxicity, the effect on vital functions, circulating

blood titers, urinary excretion, Intranasal allergy testing, with the

Department of Anesthesiology; effectiveness and systemic pharmacological

activity of a new topical corticosteroid, 3, 2l=dif ,.uorodesoxybydrocortisone;

efficacy and local side reactions of a new non-absorbable (through the gut)

antibiotic (thlostrepton) with a penlci II in-type spectrum in terms of oral

infections; attempts to pass local anesthetics through the oral mucous

membranes by means of iontophoresis; usefulness and evidence of tissue

reaction following the application of a new spray plastic dressing; attempts

at inactivation of topical anesthetics by means of various pharmacotherapeutic

agents including chol Inesterase, spreading agents, vasodilators, and directed

-^c^ec^er.tly at parallel studies on injectible local anesthetics and attempted

subperiosteal implantation of dental crown and bridge prostheses.

The following studies have been completed: Studies of some problems

encountered during mass dental extractions on the adrenal ectcmi zed patient;

continuation of disc sensitivity studies following upon previously published

data Including an evaluation of the efficacy of combinations of antibiotics;

hi stopathology of areas treated with carbocalne er.d lidocaine; percentage

and incidence of negative reports appearing i :
n the medical literature - a
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review of the literature; a picture atlas of Peutz~Jegher s s syndrome (oral

pigmentation with associated intestinal polyps)
i hi stopathology of lesions

... patients with recurrent ulcerative stomatitis and recurrent scarifying

ulcerative stomatitis.
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Work on gynecological cancer Is carried on in the wards and clinics of

the Presbyterian and Francis Delafield Hospitals and in the laboratories of

the Francis delafield Hospital and the College of Physicians and Surgeons.

The clinical care of patients, although shared by all members of the Depart-

ment of Obstetrics and Gynecology, has been the particular responsibility of

Drs. Saul Gusberg , Albert Plentl , Ecu Inn Munnel

1

» Henry Clay Frlck , David

i* - £rc 'd Toval 1 , Robert Hall „ Mary Jane Gray , and Howard Taylor . The

laboratories have been under the direction of Dr . Earl T. Engle , Dr . Seymour

arman , Or . Joseph Jailer and Dr_ e Saul Gusberg «

The report on the types of work being conducted may properly be

divided under the following headings:

i. The relationship of the steroid hormones to cancer.

2. The biology of the differentiation of" ovarian and endometrial tumors,

3. Histological and cytologica! measures of radiosensitivity.

k. Early diagnosis and precancerous lesions.

5» The Investigation of clinical therapeutic methods.

1 , The relationship of the steroid hormones to cancer

The work in the laboratory of _Dr, Seymour Lieberman has been charac-

terized during the year by attention to basic principles rather than to

immediate applications to the cancer problem. Work has been continued on the

nature of the urinary 17-ketosteroids excreted by normal individuals and by

patients with a variety of diseases } including cancer. The excretion of

17-ketosteroids by 15 normal men and 10 normal women was determined in order

to establish the normal limits usually found in the urine. The daily indi-

vldual variations in the excretion of 17-ketosteroids by some of these

subjects was also measured.
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Is increased sensitivity to' exogenous ACTH. This has been demonstrated In

.-• of 15 patients with this condition. On the other hand, in five of six

patients whose Gushing 5 s syndrome was due to an adrenal tumor, no such

exaggerated response to ACTH was found and no "adreno-cortlcotrophlc" acti-

vity could be demonstrated in the plasma.

Another technique which can demonstrate relationships between hormones

and cancer depends on morphological studies of the ovary and the endometrium.

Adenomatous hyperplasia of the endometrium occurs in women In the child-bearing

age and Is associated with menstrual abnormalities and Infertility. This

group of patients as well as a group with milder types of hyperplasia associ-

ated with menstrual abnormalities are being intensively studied by Cir. Anna

Sc'.'.t':. :-.;:-.. Various types of progestational drugs are being used In an attempt

to control systems and modify endometrial patterns., but have been successful

c.'.y in short term control of symptoms. Reversal of the hyperplastic endo-

metrial picture to normal has been obtained with partial resection of the

polycystic ovaries associated with this -lesion.

The systematic study of the ovaries by means of serial sections and a

formula by which the total amount of functioning granulosa and theca tissues

may be calculated has been continued. The material now collected consists

of several thousands of measured tissue sections. Preliminary survey of the

collected data indicates the possibility that the ovaries of young women with

cancer of the cervix may exhibit an unusual amount of functional activity.

The final analysis of this material is now under way and it is hoped will be

f .
.-. ". shed wl th I n the corns ng year

.

2. Studies of the biochemistry and biology of tumor differentiation

The study of the biology and biochemistry of the grades of malignancy

of cancer of the endometrium and of the ovary is progressing. The program
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comprises the work of Margaret Long , Ph.D,, Helena deRoetth, Ph,D 0> Sai iadar,

Ph,D., and Hyman Guthwln , Ph c D, Dr, Harold Tovel

1

!s carrying on some work

fn association with this program and its genera! organization Is under the

direction of Dr_ Howard Taylor and Dr . Seymour Lseberman, Acknowledgement is

also made for the advice and collaboration of J3r, M, J„ Kopac in the Department

of Biology at New York University,

pr Lona s s particular work has been the survey of the histochemical

characteristics of different grades of malignancy, A total of 279 gynecolo-

gical tumors have been examined during the last four years. These include

82 papillary serous and 39 pseudomucinous ovarian carcinomas, 50 endometrial

carcinomas, 55 cervical epidermoid carcinomas and 53 miscellaneous gynecologic

neoplasms.

The work reported a year ago on the nucleolus in ovarian carcinoma has

been extended to the endometrium, with the analysis of 77 eases of non-malignant

endometrium and kO cases of endometrial carcinoma. This work has been carried

on -nder Dr.. Long '

s

direction by Dr, Fumio Do.ko , It has again been found that"

with increased grades of malignancy the size of the single nucleolus increases

and that there are larger numbers of multiple nucleoli and of nucleoli with

irregular forms. These observations suggest an increase In nucleolar ribo-

nucleic acid as loss of differentiation progresses,

A second cytochemical study has been completed this year. This con-

cerns the localization of the enzyme succinic dehydrogenase in ovarian

papillary serous tumors. The site of the enzyme, as demonstrated by types

of formazan deposits, was s however, found to be the same in the six cases

of benign ovarian tumors as in the 30 case.s of cystadenocarcinoma of

different csgrees of differentiation. In contrast to the work of ribonucleic

acid, therefore, the current studies of succinic dehydrogenase activity have

produced no evidence of correlation with grades of malignancy.
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iDr. Helena de.Roetth has extended her studies of the metabolic behavior

of human gynecological tumors In vitro . In the human ovarian papillary

ser—
i
tumors, a correlation has bee.-, found between the histologically deter-

'•-*- grade of malignancy and the amount of oxygen consumed and lactic acid

produced, A similar correlation was found for the oxygen consumption of

an pseudomucinous cystadenocarcl nomas, but no such correlation was evident

In tumors of the cervix. Dr« deRoetth^ results indicate that, in a general

way, the more malignant the papillary serous tumors the more glycolysis occurs,

During all of the previous work on differentiation of tumor tissues,

the great problem has been the miscellaneous character of the material.

Carcinomas as obtained at the operating table Include, beside specific viable

malignant cells, connective tissue and blood vessels as well as areas in

which the tumor tissue, may be more or less degenerated. Such heterogeneity

makes calculations very difficulty Accordingly, pjr Kvman Guthwln has begun

a long-range program designed to fractionate human gynecological tumors into

various cellular components* He Is attempting first by differential centri-

fugation to Isolate pure samples of tumor cells which then may be studied by

a variety of chemical and cytological methods. Further work will attempt

the division of the cells themselves into fractions containing specific

subcel lular particulates.

Working with samples from the same human tumor material, Dr. Sau

I

2^v Is carrying out quantitative measurements of the nucleoprotelns of the

cells by moans of absorption microspectophotometry. D_r, Harold Tovel 1 with

a smaller number of tumors is studying the problem of heterologous transplan-

tation.

3. The radlosensltivity of cancer of the cervix

in attempting to recognize degrees of radiosensltlvity of cervical
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cancer Dr„ Sbu! Gusbcrg and his group believe that during the past five years

they have acquired sufficient data to enable them to analyze their results

... a preliminary way. They are now able to predict radiosensitlvlty with

reasonable accuracy by means of serial tumor biopsies t:...c:. after a test

dose of radiation. Studies by these methods are being compared with the

results of the purely cytological test developed in Boston by Drs, Ruth and

John Graham

,

Analysis of the data collected up to this point suggests the possibi-

lity of an endocrine basis for some of the cytological observations,, but the

follow-up on these patients Is still too short to permit a final evaluation

of this test as a method of predicting radio curability. An associated

Investigation in Dr . Gusberg*s laboratory Ss being carried out by Dr. Helena

ahes who Is studying the vaginal smears of patients who do not have

gynecological carcinoma, to determine the relationship between certain

morphological changes in basal cells, reported elsewhere as significant in

radiosensitivlty testing, and simple factors of hormonal status,

k "he early diagnosis and the study of precancerous lesions

Dr. Gusberg and his group have also continued their interest In the

precursors of uterine cancer with special emphasis on adenomatous hyper-

plasia of the endometrium and -also epithelial Cancer of the cervix* With

5r. S >utham . Dr . Gusberg is studying the relationship between a certain

type of cystic ovary ("The Stein-Levanthal ovary") and the development of

hyperplasia and cancer of the endometrium.

Reference should also be made to the continued effort to evaluate the

Papanicolaou vaginal smear test as a diagnostic and screening method for the

detection of uterine cancer. During the last year the cytology laboratory

of the gynecology division at the Presbyterian Hospital carried out the
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lation of 6,875 vaginal smears with a detection of 29 cases of intra-

—Hal cancer of the cervix. The frequency of positive smears, about

0,k percent, dees not refer exclusively to symptomless cases,

5c C-~.'-".cz! Investigation of therapy of gynecologic cancer

The techniques for the treatment of cancer of the cervix on the

gyne logical services of the Presbyterian and the Francis DelafSeld Hospitals

were outlined in a relatively standardized form by a series of conferences

between the Departments of Radiology and Gynecology held in the fall of the

year 1951. The first program was put into effect on January 1, 1952, A

lar series of conferences was he'd in the fall of 1956 with the purpose

of considering in what way the experience of the first five years' work

under the program should modify the program for the future. As a result a

revised program was prepared, mimeographed and put into effect on January 1,

1957.

The purpose of the program has been to make possible a col laoorativo

study to include the radiological and gynecological divisions of both the

Presbyterian and Francis Delafleld Hospitals, in working up the program

several points were taken into consideration. First ft was realized that

a degree of consistency must be maintained for a long enough period of

time to permit decisions to be made as to the relative efficacy of different

procedures. Secondly, it was believed that where alternative methods of

treatment existed, with the same claims as regards cure rates, both methods

should be tried for purposes of comparison.

The Columbia Presbyterian Medical Center is admirably organized for

the study of therapeutic methods. Radiological and surgical techniques can

each be applied by experienced hands. The varieties of external x-ray

therapy available, namely the cobalt-60 apparatus, the 2000 !<V x-ray machine
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and the betatron offer special opportunities for making contrasts.

The amount of gynecological cancer work at the Medical Center apparently

Increases continually. Of Interest In this respect is the following table

showing the number of cases of various types of gynecological cancer treated

... the Presbyterian Hospital In 19^6 for comparison with the list for 1956

at the Presbyterian Hospital and a second list for 1956 at the Francis Dela-

field Hospital. The annual case load of over 300 cases Is a measure of the

opportunities being offered for the advancement of therapeutic knowledge in

this field.

Annual New Cases of Gynecological Cancer

Presbyterian Francis Del afield
Hospital Hospital

19^6 1956 1956

:er of cervix - Intraepithelial 29 6
Cancer of cervix - invasive 37 50 93
Cancer of body of uterus 38 3^ 22
Cancer of ovary 16 Ik 35
^zr.^irs 6 21 16

97 158 172

The investigation of therapeutic methods in gynecologic cancer con-

tinues with its principal emphasis on the relative merits of radical surgery

and radiation therapy in stages I and II of cancer of the cervix and the

need of preoperative radiation of cancer of the endometrium. As a result

of the e.-A-yzr".c:.ce gained in the first five years, however, it has been at

least tentatively decided to discontinue any radical surgery ("exenteration

operations") on stage III or stage '.V cases of cancer of the cervix. As
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a further result It has become apparent that the surgical removal of the

regional lymphatics after radium and x-ray therapy for primary carcinoma of

the cervix has produced more operative complications than Is justified by

the theoretical possibilities of an improved cure rate

Mention should finally be made of iho Improvement In the organization

for the clinical follow-up of ireeit&d cases of gynecological cancer* The

determination of the final results of treatment Is obviously essential to any

scientific Investigation, of therapeutic measures and particular credit should

go this year to Djr 8 David Moore who has worked very hard In perfecting our

follow-up system.
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... last year's report, the interrelated efforts of this group to

develop a broad program of research on the pathophysiology and chemotherapy

of neoplastic disease were discussed in some detail. Many of these studies

are continuing and several new projects have been initiated. The principal

areas as well as the professional personnne! involved in their exploration are:

C
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iuation of new agents of potential clinical interest,, in this laboratory,

Drs Alfred del shorn and Erich.J-isrschberg together wi th Mrs.. Shirley Brlndle

•?£. Janet Hlbbert , Jane Her sel is, and Gloria Semente have continued to

test each new compound against a wide spectrum of transplanted mouse, tumors,

Including principally two mammary adenocarcinomas (755 and Eo772) s an un-

differentiated tumor (SloO), a brain tumor (Glioma 26), and the Ehrlich

ascites carcinoma. For the solid tumors, the final weight of tumors removed

..-,. groups of twenty mice treated with the agent by daily intraperitoneal

Injections at the maximum tolerated dose levels is compared with the tumor

weight of control animals; for the ascites tumor, Increase in survival time

after a total of three injections of the compound under investigation is used

as the sole index of tumor Inhibition.

An evaluation of a small series of representative acridines related to

the antimalarial quinacrine has been completed; these compounds did not

exhibit significant carcinostatlc activity' tn'-y-lvo . About three dozen

.__'. ,-.c/. Ir.as; Including tne antimalarial's chloroquine and camoquin* have been

tested, with particular attention to compounds differing from camoquin only

by slight alterations In side chain or ring substituents. Some anticancer

activity has been observed with camoquin and several close congeners, but

the degree and consistency of inhibition has not been impressive. Chloroquine

is inactive against the tumors included in this spectrum.

Particular emphasis has been placed in the last year on a group of

nitrogen mustard derivatives and other potential alkylating agents. The

iounds under investigation have included several aromatic and heterocyclic

derivatives developed end studied in other laboratories, for example, quina-

crine, camoquin, and chloroquine mustards and p-di-(2-chI«oroethyI)aminophenyl-

pyruvic acid (chlorambucil), and a series of new nitrogen mustards synthesized
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r this program by Dr. W. S. Gump of the GIvaudan Corporation. The compound

of greatest Interest has been the benzimf dazole mustard, 2-[dl-(chloroethyl)—

aminomethyl] benz! mi dazole, in which the reactive b I functional alkylating

moiety Is attached to a potential purine antagonist. This new agent inhibits

not only the Ehrlich ascites carcinoma, which responds readily to many alky-

lating agents, but also the two mammary carcinomas and Sarcoma 180, in contra-

distinction to the "antimalarial mustards" and other alkylating agents included

in comparative experiments.

b) Preclinical pharmacology - In view of the activity shown by

benzlmtdazole mustard in the experimental mouse tumor spectrum and of its

theoretical Interest as a first attempt to use a purine antagonist as the

carrier for the alkylating function, the toxicology and side-effects of

benzlmidazole mustard in mice, rabbits, and dogs have been examined with some

care, in mice, higher doses given for five consecutive days caused progressive

weight loss and some delayed deaths. Qualitatively, the toxicity resembled

that of other nitrogen mustards and not that of benzlmidazole. Histological

-

examination of liver, kidney, and sternum of tumor-bearing mice after admini-

stration of lower, tumor-inhibitory doses failed to yield any evidence of

toxicity to these host tissues. Essentially the same conclusions were drawn

from experiments with fourteen rabbits and eight dogs The permissible dosage

limits in man for both intravenous and oral administration of benzlmidazole

mustard are being determined by Drs . Alfred Gel 1 horn and John Ultmann.

c) Experimental chemothe rapy of brain tumors - The Interdisciplinary

investigation of approaches to chemotherapy of the malignant brain tumor,

glioblastoma multiforme, In man continues to engage the attention of Drs .

Gel 1 horn and HIrschberg and Mrs , Martha Osnos in collaboration with Dr .

', ,rga ret R. Murray and Mrs, Ruth Eisin g of the Laboratory of Cell Physiology

and Drs 4 H

a

r twe 1 1 Thomp so

n

, Joseph Ransohoff , and J„ Lawrence Pool of the
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Neurological institute. This Investigation has comprised three general areas

. addition to the in vivo screening of compounds against mouse glioma 26

mentioned above: tissue culture experiments with this and other mouse brain .

tumors and human brain tumors and embryonic tissues; clinical evaluation of

promising agents; and analytical studies of drug distribution in the tissues

of both mice and patients. A new area of research, which has been added during

the past year, deals with diagnostic problems in this type of neoplasm,

in vitro experiments with all compounds which have also been studied

in vivo indicated that
s in general , the tumor cells in tissue culture respond

more readily to acri dines, quinolines, and related compounds than to nitrogen

mustards and other alkylating agents. Structure-activity relationships in the

q— oline series are not always In agreement with data obtained in the mouse

: spectrum; for example, camoquin and chloroquine exhibit the same order

of tumor-Inhibitory activity in vitro whereas only the former has any effect

in vivo .

Camoquin (amodiaquin) has now been evaluated clinically in a small

series of patients with glioblastoma multiforme, with generally discouraging

results. This quinoline antimalarial, then, Is no mors active against this

type of neoplastic growth in man than the acridine antimalarial quinacrine,

St was shown last year that the tissue levels of quinacrine which

could be built up in the brain tumors of patients by long-term oral admini-

stration of maximum tolerated doses of quinacrine fell short of the concen-

trations found in tissue culture explants after exposure to minimum effective

doses of the drug, in an attempt to increase the quinacrine concentrations

:hese tumors In vivo , the Intracarotid arterial route of administration

is currently being explored, in a terminal patient exposed to quinacrine for

only a few days, the drug concentration in the tumor at autopsy was slightly

higher than the higher, level previously achieved by oral administration,
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while the concentration in other tissues was the same, or lower than in the

earl . er experiments.

One of the particularly pressing problems in the area of human brain

tumors is the development of further tools for early and definitive diagnosis,

in the last few months, a Grass electroencephalograph has been acquired; Dr..

'Son is currently preparing to add this new parameter to lh^ study of the

natural history of the disease and to make available another criterion in the

objective evaluation of its treatment by chemotherapy',, in another facet of

this study, the usefulness of the determination of serum and spina! fluid

phosphohexose isomerase levels as a guide to the progression of the human

glioblastomas is being evaluated by Dr s. Gel Ihorn;, Hfrschberg and Thompson .

Available evidence suggests that the activity of this enzyme is elevated in

the spinal, fluid in the presence of brain tumors,,

d) Host
•
physiology - One of the intriguing problems in cancer

research which has not yet been studied exhaustively concerns the mechanisms

by which the progressively growing tumor in man or experimental animals causes

the debilitating changes In the metabolic performance of the host which even-

tually develop into terminal cachexia. Drs. Gel Ihorn and Kirschberg and Mrs .

Osnos have initiated a series of experiments to explore this question from

several points of view. The focal point of the study to date has been the

1 iver of the host.

One of the processes which is of crucial importance to the cell is the

cc.pliex of enzymatic reactions, oxidative phosphorylation, !n view of the

apparent similarity between the symptoms of dlnitrophenol poisoning, which

involves uncoupling of phosphorylation from oxidation, and those of terminal

cachexia observed in certain neoplastic diseases such as Hodgkin's disease,

a.-, attempt was made to demonstrate an impairment of 'oxidative phosphorylation
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liver "cyclophorase" (R^L) preparations or mitochondria from mice bearing

progressively growing tumors. Some of the data Indicated a slight drop in

the P/0 ratio of liver preparations once the tumor (carcinoma 755) had grown

to a weight of at least a gram (IQ-'ik- days avucr transplant;.-; a/.',
, but the

results were not consistent and the decrease was not sufficiently large even

in the "positive" experiments to account for the terminal symptoms of the

disease. An analogous series of experiments, using overall anaerobic

glycolysis (lactic acid production) and some of the individual glycolytic

enzyme reactions, is in progress,

in another approach to the problem, the ability of the liver of normal

subjects and of cancer patients to acetyl ate a sulfa drug, 2-sulfani lamido-

*f,6»dimethylpyrimidine (sulfamethazine), has been assessed by determining the

free and acetylated sulfonamide excreted in the urine following a single

loading dose of the drug. Patients with extensive liver metastases and in a

terminal state ace£ylate the sulfonamide normally.

.

.-. -'-.an ism of drug action

Dr« Jack D n- Davidson and j)r. Phi Hp Feigolson have continued studies

of the mechanisms of anti-tumor action, and resistance to this action, from

the standpoint of nucleic acid metabolism.

Last year's findings of inhibition of the enzymes adenosine deaminase

and xanthine oxidase in vitro by 8«azaguanine were studied for their in vivo

significance by attempting to reverse the antitumor activity of the compound

with purines. Mice bearing adenocarcinoma 755 under therapy with 0,33 mM/kg,

8-azaguamne were given guanine, hypoxanthine or xanthine in doses of 2 mM/kg,

daily. The only suggestion of drug reversal in two complete studies was a

very slight one by hypoxanthine in only one experiment, it Is felt that

these experiments failed to support the hypothesis that 8-azaguanine acts by
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biting xanthine oxidase,,

The biochemical mechanisms underlying the carcinostatic action of a

new series of purine analogues, the pyrazOioC3,^-d)pyrimidines were investi-

gated by studying their effectiveness as .m .vitro inhibitors of certain iso-

lated enzyme systems, it was found that various members of this series

exerted strong In vitro inhibition of xanthine oxidase s with pyrazoloisoguanine

exerting 50% Inhibition at one millionth molar concentrations* Studies with

these and other analogues Indicate that the presence of functional groups at

positions analogous to those substituted in the normal purine substrates of

this enzyme, results in increased affinity for the enzyme active surface.

Kinetic studies indicated that pyrazoloisoguanine competes with the normal

substrate, xanthine, for the active center of the enzyme.

it was observed that pyrazoloadenine served both as a weak inhibitor of

Xanthine oxidation by xanthine oxidase and simultaneously as a substrate for

the same enzyme . Apparently the pyrazoloadenine competed with xanthine for

the enzyme : s catalytic center and then underwent a rather slow enzyme-catalyzed

oxidation to pyrazoloisoguanine. This is an interesting instance of an

enzyme converting a weak Inhibitor, pyrazoloadenine, to a very potent inhi-

bitor, pyrazoloisoguanine.

Since published reports indicated the effective in vivo carcinostatic

activity of pyrazoloadenine on certain experimental 'tumors It was deemed

worthy to investigate the in vivo catabollsm of this compound. Particular

attention was paid- towards ascertaining whether the xanthine oxidase catalyzed

oxidation of pyrazoloadenine to pyrazoloisoguanine, which was demonstrated in

vitro , also took place in v ? vo .

Following intraperitoneal administration of pyrazolbadenine to mature

rats, their urines were collected and the excreted pyrazolopyrimidines were
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Isolated and subjected to paper chromatographic S dent If ication. The following

catabolites were found: pyrazoloisoguanine, pyrazolohypoxanthine, pyrazolo-

thine and an as yet unidentified compound. To determine whether the bio-

synthesized pyrazoioxanthine arose via the oxidation of pyrazolohypoxanthine

or via the oxidative deamlnation of pyrazoloisoguanine, experiments were under-

taken in which pyrazoloisoguanine or pyrazolohypoxanthine ware administered to

rats« It was noted that rats given the latter compound did and those given

the former compound did not excrete pyrazoioxanthine. Pyrazolohypoxanthine was

therefore shown to be the precursor of pyrazoioxanthine. The enzyme responsible

for the oxidative deami nation of pyrazoloadenine remains as yet uncharacterlzed.

..-. summary the rat metabolizes pyrazoloadenine as follows:

-NH3

pyrazoloadenine
, ^ pyrazolohypoxanthine

xanthine l /

Q
\

c xanthine
oxidase I

* ' oxidase

pyrazoloi soguanine pyrazoloxanthi ne

A considerable number of tracer experiments were done using L-1210

ascites leukemia ceils in vl tro to study the Influence of 8-azaguanine and

39 1 Ix 1 lb

6-mercaptopurlne on the incorporation of P° ,
guanlne-C * and hypoxanthine-C

Into the nucleic acids of these cells. The studies employed three strains of

L-1210 which ware respectively sensitive to, resistant to, and dependent upon

the ant i -purine drugs with respect to growth. In this system the drugs were

•op

found to have a very small Inhibitory effect upon the incorporation of PJ

ever, in the sensitive strain of tumor cells. This is In contrast to the

marked inhibition seen in other tumors In vivo and may indicate either that

the drugs have to be metabolized by other host tissues to yield active forms

of the drug or that their inhibitory effects are masked In these two-hour

(0)
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|£0 studies due to persistence of sufficient quantities- of those Inter-

me— jes whose synthesis Is Inhibited.

En the experiments with carbon-labeled purines as tracers the studies

ere stUl Incomplete. It Is apparent that 3-azaguanine does not Interfere with

the utl I Ization of adenine to form nucleic acid adenine or guanine In any of

three strains of 1-1210* In the sensitive strain there Is moderate Inter-

ference with the utilization of guanine to form the adenine constituent of

both RNA and DNA, though the latter conversion takes place to an Insignificant

extent even In the absence of 3-azaguanine. Guanine remains to be studied In

the resistant and dependent strains, Very recently experiments have been done

with hypoxanthJne-C' K Here again 8-azaguanine caused no Interference out the

extent of utilization was so unexpectedly great that studies were also made

with 6-mercaptopurine -since It is such a bona fide chemical analog of hypo-

xanthine. Preliminary data Indicate that 6-mercaptopurIne very greatly

i bits utilization of hypoxanthine for both adenine and guanine of both

...... and DNA, and that this occurs simultaneously with absence of inhibition

of P° Incorporation.

The resistance of certain strains of tumors to purine analog compounds

has often been attributed to Impermeability of the resistant cells to the drug.

This has been tested directly with the L-1210 ascites leukemia cells. Suspen-

sions of sensitive cells and of 3-azaguanine resistant cells {cross-resistant

to 6-mercaptopurine) were mixed in vitro with accurately measured amounts of

(1) tritium water, .(2) polyvinyl pyrrol 1 done stained with T-I82i} dye and (3)

either 3-azaguanIne-2-C or 6-mercaptopurlne-S^->
, After equilibration of

such mixtures for 10 minutes at 37°C. the tubes were centrlfuged gently and

the concentrations of all components in the supernatant solution were deter-

mined and compared with those in a blank tube containing everything but cells.
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distribution spaces for the drugs (3). were then compared with the total

..• space (1) and the extracellular space (2) s Azaguanlne was found to

.... .ribute to total water in the case of both the sensitive and the resistant

L-1210 cells. V/Ith 6-mercaptopurine the apparent distribution space was

v— d to be even larger than the total water after ten minutes incubation,

V...o . _ interpreted to indicate metabolism, concentration, or binding of the

compound and occurred with both strains of cells. When the experiment- was

repeated at G°Cc, a the drug space matched the tritium water space in the

resistant ceil system but still showed an apparent 20% greater dilution In

the sensitive cell tube.

These Incomplete studies offer strong evidence that 8-azaguanine and

6-mercaptopurine penetrate into cells of L-1210 leukemia that are resistant

to the growth lnhibitory_action of the drugs.

:abol Ism

a) Glucose metabolism in tumor"bearing hosts - Drs , Paul A, Marks

and __ Bishop have shown that a decrease In glucose tolerance, as

i .__„cd by a slower rate of disappearance of blood glucose following intra-

venous glucose administration, may be associated with the presence of malignant

disease* This diminished carbohydrate tolerance was observed in patients with

. mphoma, chronic leukemia and clinically early cervical and breast carcinoma.

These subjects were carefully selected to exclude various other factors known

to impair carbohydrate metabolism. No significant difference in the fasting

_.,
! sugar level or in the estimated volume of distribution of glucose was

fo nd between control individuals and the group of patients with neoplastic

. O'w-C--^ ,

The diminished carbohydrate tolerance in the Individual with malignant

tumor might result from an alteration In the rate of release of glucose from
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the SIver, from a decrease in the rate of peripheral 'utilization of glucose,

or from c_ disturbance In both of these metabolic processes,, in view of the

fact that the decreased glucose tolerance was associated with localized

carcinoma, small in size relative to total body mass, it appears likely that

the defect in carbohydrate utilization reflects alterations In host tissue

— abolism associated with the presence of the neoplastic process.

During the past year, these studies have been extended in an effort to

(1) evaluate the extent to which altered responsiveness to Insulin may be

dated with this Impaired glucose tolerance in human subjects (2) determine

the progress of this defect in glucose metabolism during the course of the

malignant disease and, in particular, in relation to therapy and (3) study the

alteration ... host tissue carbohydrate metabolism in the rat bearing the

Walker carcinosarcoma 256.

(1) The response to insulin has been evaluated in a group of

27 carefully selected patients with lymphoma, chronic leukemia, and carcinoma

of the cervix and of the breast and in 12 control individuals.

A procedure was developed for the performance of the intravenous

glucose-insulin tolerance test which permitted evaluation of a given indlvi-

dual : s response to both the standard glucose load and a standard insulin dose

in the same morning. This was done by administering, 75 minutes after the

intravenous dose of 25 gms. of glucose, glucagon-free insulin, 0.1 unit/kg i.V.

From the curve of glucose disappearance from the blood a value K was calculated

which represented the percent glucose disappearing per minute and was taken as

an Index of glucose tolerance during the period following glucose administra-

tion and of Insulin tolerance during the period following insulin administra-

tion, This present procedure was found to yield reproducible results In

normals and In patients with neoplastic disease.

It was found that the patients with malignant disease on the average
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have a significantly lower rate of blood glucose disappearance following in-

s -. administration than the control group (W-;-9%/min. compared with 6,80%/min,

respectively), In this group of patients the average glucose disappearance rate

was significantly lower than that of the control group, 1.14%/min. compared

with 1.80%/mIn, respectively. These values are in agreement with the findings

in --.- previous study of a larger group of Individuals, These present studies

indicate that In patients with neoplastic disease, in addition to an overall

reduction in the rate of disappearance of glucose from the blood following an

intravenous glucose load there is a reduced response to insulin. Recent inves-

tigation In the 'laboratories of several workers suggests that the early effect

of insulin is that of increasing peripheral uptake and metabolism of glucose.

in the present experiment the decreased rate of blood glucose disappearance

following insulin administration is based on an analysis of the early portion

of the curve of disappearance and suggests that the impaired carbohydrate

tolerance associated with insulin administration In patients with malignant

i— 3ase, . .; part at least, reflects decreased peripheral glucose utilization.

(2) The demonstration of a defect In carbohydrate metabolism

associated with the presence of neoplasia led to studies of changes of this

metabolic disturbance during the course of malignant disease and in particular

in relation to therapy* Serial observations have been performed in 19 indi-

vlduals with lymphoma or chronic leukemia and 7 individuals with initially

localized carcinoma of the cervix and breast, in addition to the selection

of patients according to the previously Indicated criteria, follow-up studies

were performed only in Individuals In whom these criteria could be maintained.

Among the 19 individuals with lymphoma, Ik had objective though tem-

porary remission associated with chemotherapy or radiotherapy. In none of

these individuals, with one exception, a patient with chronic myelogenous
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leukemia, was a remission associated with an improvement in glucose tolerance.

The ^:ud?es In four individuals with cervical carcinoma and in three indivi-

duals with breast carcinoma have revealed that in two of these patients the

glucose tolerance has returned to normal These individuals have been followed

for only 32 and IS months respectively and there is as yet no evidence of

recurrent disease. In the remaining 5 individuals there has been evidence of

recurrent disease and, in these patients, the abnormal glucose tolerance has

pars! sted.

These follow-up studies are very limited and continued experiments are

in progress both in this institution and in association with the Cancer Con-

trol Hospital In San Juan, Puerto Rico in an effort to increase the number of

patients being followed with regard to the alterations in carbohydrate

tolerance associated with effective therapy of malignant disease.

(3) in an effort to elucidate the mechanism of Impaired carbo-

hydrate tolerance of tumor-bearing hosts It would be desirable to be able to

study this phenomenon under the more carefully. controlled conditions possible

in the experimental animal. Toward this end studies have been In progress to

ascertain whether an alteration in carbohydrate tolerance similar to that

observed in human subjects Is associated with the presence of the V.'alker

carcinosarcoma 256 in the rat.

Rats which have been carefully selected to be comparable in terms of

weights rate of weight gain, food intake and period of fasting prior to tests

have been divided into two groups, control and tumor-bearing. At appropriate

intervals following inoculation of the tumor the animals have been studied

with regard to their glucose metabolism by the I.V. Injection of uniformly

labeled C '"'-glucose. in a series of 15 tumor-bearing animaels and ten control

animals the rate of disappearance of C'^-labeled glucose has been studied. In
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addition, the race of glycogen formation from C' '-labeled glucose, the rate

of oxidation of glucose to respiratory CO^, and the rate of conversion of

glucose to fatty acid are being evaluated in these tumor-bearing animals.

b) Studies of the biosynthotic pathways of glucose of glycogen

~_r;.
:

i

;v.;:.'. e°c acid in liver, skeletal muscle and ascites tumor cells -

Studies by previous workers have established that there are several potential

pathways of pentose biosynthesis. In cell-free systems It has been shown that

ribose phosphate may be synthesized by the oxidative decarboxylation of hexose-

phosphate or by a series of reversible non-oxidative reactions catalyzed by the

enzymes, transketolase and transaldolase. These two series of reactions may

be d!.:.'.'.__ '. _:.ed by the pattern of C '^-label ing present in the ribose derived

from specifically labeled precursors. Thus ; if ribose phosphate is synthe-

sized primarily by decarboxylation of glucose phosphate, the pattern of

C -labeling of ribose should correspond to the labeling in positions 2 to 6

of ^.«_cose. if on the other hand, ribose -phosphate synthesis proceeds pri-

marily by the series of reactions catalyzed by transketolase and transaldolase,

the predicted tracer pattern of the pentose would be quite different. It has

beer, previously demonstrated, in studies by Drs . Paul Marks and Phi 1 Ip Feigel son ,

that when glucose-2-C^ was employed as a source of tracer, ribonucleic acid

ribose was labeled primarily in position 2, with a lesser but significant

degree of labeling in rlbcjo carbon atom 1. In the glucose of glycogen S so-

lated from these experiments, the tracer was randomized from position 2 pri-

marily to position 1 and to a lesser extent, positions 3 through 6. These

findings were Interpreted as being compatible with the hypothesis that the

ribose of ribonucleic acid was synthesized by a combination of the reactions

catalyzed by transketolase and transaldolase as well as by the reaction in-

/olving the oxidative decarboxylation of glucose-6-phosphate. The observed
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patterns of labeling of the glycogen glucose and the ribonucleic acid ribese

indicated that a rapid in vivo equilibration between the pentose and hexoso

pools existed and that, in addition to the Embden-Meyerhof pathway, pentose

conversion to glucose via the transketolase reaction appeared to play a role

.;. the formation of the glucose of glycogen even when frQQ glucose was the

glycogen precursor*

During the past year these studies have been extended to an Investiga-

tion of the pathways of synthesis of glucose in the glycogen of skeletal

muscle of normal fed and fasted rats in vivo , In addition, the ? n v ? vo syn-

thesis of the ribose of ribonucleic acid of the ascites tumor cell and of the

liver of animals bearing the Yoshida ascites tumor has been studied.

jn these studies 2-C* '-glucose has been used as a source of Isotope,

and the glucose of glycogen and the ribose of ribonucleic acid has been iso-

lated from the various tissues, namely skeletal musc!e 8 live^and tumor

ascites cells. and degraded by bacterial fermentation, in the case of the
i

degradation of glucose, Leuconostoc mesen'teroldas has been employed for the

fermentative degradation. For the purposes of ribose degradation, the

organism Lactobacillus pentosus has been employed. In the experiments with

norma! rots, the glucose of liver glycogen was predominantly labeled fn

position 2. An appreciable migration from C2 to CI was observed, with a

lesser degree of randomization to the other carbon positions of glucose.

Fasting was associated with an Increase In the specific activity of position

1 relative to position 2 of the glucose of liver glycogen.

in the glucose of the skeletal muscle glycogen from fasted normal rats

tracer was present essentially only fn position 2. !n the study with fed

ar als somewhat greater randomization occurred, with CI belong relatively

more heavily labeled than C3 to C6.





Interpretation of these results in terms of the known alternative routes

of glucose utilization has led to the following conclusions:

in liver, the pentose phosphate pathway contributes to the formation of

glycogen glucose and this contribution is more apparent in fasted than In fed

animals. In contrast, the glycogen of skeletal muscle appears to be derived

'.ost entirely from glucose by direct incorporation of the Intact administered

6-carbon unit, both in the fed and fasted state,,

The studies of the in v!vo pathways of pentose phosphate synthesis in

the liver and the tumor of rats bearing the Yoshida ascites tumor, employing

glucose-2-C ' as the isotopic precursor,have yielded the following results:

The liver ribonucleic acid ribose presented an isotopic distribution pattern

tl ._: was conspicuously different from that of the control rat bearing no tumor.

— _ the bulk of radioactivity in the ribose of control animals was in

carbon atom 2, with considerable activity in carbon atom 1 and little or no

- :ti /ity in ."Ibose carbon atoms 3 S ^ and 5» the radioactivity of the liver

ribose of the tumor-bearing rats was found to be widely dispersed throughout

the -.bose molecules, in the tumor cells, however, ribose carbon atom 2

exhibited the highest specific activity, the remaining activity being distri-

buted essentially equally through the rest of the ribose molecule In carbon

atoms \ i 3« h
- end 5.

The distribution of C -labeling in liver RNA ribose of the Yoshida

ti or-bearing rat thus was in sharp contrast to the labeling pattern pre-

viously observed in the normal rat liver RNA ribose. This alteration in

labeling pattern may be subject to -two alternative interpretations. (1) The

tumor exerts an Influence on liver metabolism or (2) the observed pattern of

ribose labeling in the liver results from normal pentose synthesis by the

liver 3 utilizing, however, a hexose precursor In which all carbon atoms are





label ac as a result of the activity of the tumor itself. This latter alter-

native is supported by certain recent findings that indicated that glucose-2-C* •

administered to tumor-bearing mice resulted in liver glycogen containing C
"

distributed throughout all carbons of the hexose. These findings have been

interpreted as Indicating that tumor may cause an extremely active reversible

conversion of the administered C^-glucose to glucose of glycogen via the

-Meyerhof and tricarboxylic acid cycles, resulting in migration o. C

from its criminal position to the other locations in the glucose molecules.

Whether these alterations are due to the tumor or to the indirect influence

cf the presence of the tumor on the metabolism of other tissues is a problem

currently under Investigation.

c) Relationship between human erythrocyte aging in vivo and the acti-

•. '5 of glucoses-phosphate and 6»phosphog l uconic dehydrogenases - Erythro-

cytes derive most of their energy from glucose utilization. !t is well esta-

blished that uhe pentose phosphate pathway in addition to anaerobic glycolysis

plays an important role in red blood cell metabolism. Little is known however

about zhe changes occurring in carbohydrate enzyme levels associated with red

blood cell aging In vivo .

Pentose phosphate pathway activity In red blood cells has been studied

by evaluating the levels of activity of the two enzymes catalyzing the oxida-

ti a reactions of this pathway, namely glucose-S-phosphate dehydrogenase and

6-phosphogluconic dehydrogenase.

In the present study the level of both of these enzymes has been found

to be elevated In individuals with reticulocytosi s. In kS normal subjects

the average level of glucose-6-phosphate dehydrogenase was H>,6 units per

gram of hemoglobin, compared with a value of 25.6 units per gram of hemoglobin

for the group of patients with reticulocytosis. The average level of 6-phospho-
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gli -nic dehydrogenase In 40 normal individuals was 19,1 units per cram of

hemoglobin compared with k\ units per gram of hemoglobin in the patients with

reticulocytosis. The patients studied with reticulocytes is had a wide variety

of conditions such as hemolytic anemias, pernicious anemia and neoplastic

di seasos.

To determine whether alterations occur in the level of glucose-S-phos-

f
o and 5-phosphogluconic dehydrogenase in erythrocytes beyond the reticu-

locyte i:5£a as they age ;n vivo , advantage has been taken of certain differ-

ences in the characteristics of young relative to old erythrocytes. These

characteristics are the lower osmotic fragility and the lower density of the

young cells, in the present studies osmotic hemolysis and centrifugatson

have been employed to fractionate cells according to age and these techniques

have been validated by iron-59 determinations performed on blood drawn at

intervals following administration "of this isotope, it has been found that

both glucose-6-phosphate dehydrogenase and 6-phosphogluconsc dehydrogenase

are present in much higher concentrations In young mature erythrocytes than

... o'.d mature erythrocytes. Evidence has also been obtained that the level

of activity of these dehydrogenases parallels the mean cell age of the hemo-

lyzed fraction of red blood cells.

These present findings lead us to the following conclusions:

1. The levels of two enzymes important in the energy metabolism of

red 'i'.cjd cells, namely glucose-6-phosphate dehydrogenase and 6-phosphogluconic

dehydrogenase, are high In young mature erythrocytes and these levels diminish

in association with the aging of the red blood cells in vivo .

2 U increased levels of these enzymes may be a more sensitive indi-

cation of young cell population than the reticulocyte count. «

Investigations are under way to evaluate the possible relationship
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betweefi aging of the red blood ceils in vivo , and the level of activity of other

enzymes involved in the metabolism of the red cells.

':'.::: :::c":ocv

a) P athogenesis of anemia in patients and laboratory animals with

;t .

3
.' -.': diseas e - During the past year chrom!um-51 ^^ cell life spans have

been performed by Drs , George Hyman and John Uitmann both in conjunction with

laboratory investigation and in certain diagnostic problems. The red cell

..._. has be-in studied sequentially in patients both prior to and after the

extirpation of ' ocal tumors and in leukemic patients before and after complete

remissions In order to evaluate the effect of therapy on the red cell lire

, .. o ..'. addition j v.ork has boor, completed with certain animal tumors. In

these animals ?.he following has so far been discovered. In rabbits bearing

two types of tumors Implanted either locally or given intravenously so as to

be widely disseminated, there was no abnormality in the red cell life span as

measured by chromium-Si. Because of this, we turned to another animal sys-

tem, namely, rats, and using two tumors we found that although there is an

apparent shortening of the red cell life span, the entire loss of red cells

labeled with chromium-51 can be easily accounted for by hemorrhage elthor

into the tumor, or by rod ceil diapedesis into the ascitic fluid in animals

bearing ascites tumors. Because of this, further efforts are being made to

discover a different tumor host system in which red cell life spans and the

effect of various chemotherapeutic agents can be correlated.

During the past year we have studied 5 patients with polycythemia

vera in remission with particular emphasis on iron-binding capacity, iron-53

disappearance curve, red cell production rates and life span measurements

with iron-59 and chromium-51 respectively. From a study of, these 5 patients,

the following Is apparent: (1) A number of these patients, following
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phlebotomies over the years, have become severely iron-deficient as evidenced

by low iron contents and very high latent iron-binding capacities; (2) in

these patients the T/2-Fe59 disappearance curve is markedly shortened, in one

patient to as little as 23 min. (normal about 60 to 120 minutes); (3) when

an adequately absorbed Intramuscular preparation of iron is administered and

plasma iron saturation is returned to normal, the plasma Iron disappearance

time reverts to normal. Because of this finding, we feel that a study of the

i 59
p—r.a Fe-^ disappearance rate cannot be used as a key to bone marrow activity

in these patients and possibly in other conditions as well. These studios will

be continued. The Fe2 -' reappearance in red cells was measured in 3 patients

and was found to be essentially normal with the high point reached on about

the 13th day. The red cell 'life span, as measured by chromium-53, was

essentially normal in 2 patients, but in one patient it actually was slightly

shortened, the 10% level being reached approximately after 65 days.

in an attempt further to delineate the biochemical lesion which might

be responsible for the shortened red cell life span In tumor patients, and

to clscover why there was no reticulocytes! s in patients with hemolysis proven

by chromium-51 technique and active bone marrow as demonstrated by direct

examination or Fe-*9 studies, we studied the glycolysis of whole blood. It was

found that the rate of erythrocyte glycolysis of blood from normal volunteers

was 12 mg% of glucose consumed per hour with 5 million red cells per cubic mm.

the .'.-.ear. glycolytic rate of tumor patients was \k,5 mgms.% of glucose con-

sumed per hour and that of patients with other chronic diseases, S7«** mg.%

The elevated red cell glycolytic rate of patients with tumors and other chronic

diseases was statistically significantly greater than that of normals, in the

absence c. reticulocytosis. This suggests to us that the red'cell population

of the patients with neoplastic and chronic diseases might be younger than that
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z: normal subjects and that only some of the young red cells had demonstrable

reticulum, in a limited number of patients with bloods having elevated glyco-

lytic rate, chromium-51 red cell life spans were also determined. Of 12

patients, 8 had elevated glycolytic rates as wel 1 as significantly shortened

red cell life spans. Two patients had normal glycolytic rates and essentially

normal red cell life spans, in two patients no correlation between the two

tests could be made,

b) Megaloblastic anemia - in the past year cobalt-60 labeled

........... B-12 has become a routine diagnostic tool in the evaluation of certain

patier.-j with anemia. It might be stated parenthetically here that four

patients have been admitted to this hospital during the past year as terminal

patients with severe anemia, hepatomegaly, and two instances, ascites, and

have turned out to have easily curable megaloblastic anemia. Studies in these

patients with cobalt-60 vitamin B-12 have helped in each Instance.

c) Other studies - r_r„ Hyman , in collaboration with Drs . C Ysh^a

_.._ .. - . , ?':.-.
1 lips of the Department of Obstetrics and Gynecology of Columbia

University College of Physicians and Surgeons, summarized the Delafleid-

Columbia-Presbyterlan Medical Center experience with acute leukemia in preg-

nancy and reviewed the world literature In order to outline best the optimal

current therapeutic program.

Dr. ,'->'~.,r.Qa working with Dr. i. Jaffe , described a case of hematologic

toxicity with demjeolcine (colcemide) simulating acute leukemia and summarized

current hematologic toxicity of this agent, concluding that its dangers out-

weighed its benefits.

The laboratory of Dr. El liott Osserman continues to pursue its studies





of multiple myeloma, Th!s program Is now in its fourth year.

Its a;m has been to provide a better understanding of the natural

history and clinico-pathologlcal variants of this cancer, and concurrently to

obtain further knowledge concerning the nature of the unique abnormalities in

protein metabolism associated with this disease. For purposes of presentations

these studies may be divided Into two sections: a) the cl ini co-pathological

spectrum of myeloma - - clinical investigations of patients with this disease;

and b) experimental myeloma: studies with the transplantable mouse plasmacytoma,

a) The. clinlco°patho !oq!ca1 spectrum of myeloma - in routine

clinical studies, the filter paper modification of the electrophoretic tech-

nlque .-.as been employed for the study of the serum and urinary proteins.

Studies have been performed on the majority of patients seen on the Medical

Service of the Francis DelafJeld Hospital and the majority of patients at

the Presbyterian Hospital In whom multiple myeloma was considered as a diag-

nostlc possibility, or in whom this diagnosis had been established by other

laboratory tests. Also included in these studies have been many patients

with unexplained anemia, hyperglcbullnemia, elevated sedimentation rate and

proteinuria,

it Is Impossible to present In this limited space a comprehensive

account of the observations on these patients. A few of the more important

features, however, may be noted:

1. Multiple myeloma Is not a rare disease. One hundred and fifty

cases have been assembled in this series over the course of the past three

and one-half years,)

2. Characteristic serum and/or urinary protein abnormalities may

be demonstrable for many months and possibly years before the appearance of

clinically recognizable symptoms or signs of myeloma. Twelve such asymptomatic





patients have been followed for periods ranging up to three years. Eight of

the twelve have subsequently exhibited widespread osseous destruction charac-

teristic of advanced myeloma. Presumably, In this asymptomatic, "pre-myeio-

matous" phase, there exist widely scattered groups of abnormal plasma cells,

producing their abnormal protein by-products, but not present In aggregates

of sufficient size to produce radlographlcally or symptomatica! ly evident

disease. The documentation of this early, asymptomatic phase forces a revi-

slon of existing concepts of the natural history of myeloma.

3.. The cl Ins co-pathological features of Individual cases of myeloma

display a striking degree of variability. The range of this spectrum of clini-

cal patterns extends from those cases with predominantly osseous pathology due

to plasma cell tumors, described above, to individuals whose major symptoms

or.d signs are referable to the deposition of abnormal protelnaceous material

..-. selected tissue sites (para-amyloldosis) ; at the other end of the spectrum

are patients with the characteristic clinical and hlstopathologlcal features

of disseminated lymphosarcoma whose serum and/or urine are found on electro-

shoretlc analysis to contain abnormal myeloma proteins. Justification for

postulating the existence of this continuous spectrum of disease patterns is

provided by documentation of the "Intermediate" cases, I.e. cases with Inter-

mixed features of "bony myeloma", "lympho-myeloma" or "para-amyloid myeloma".

4. The natural history and clinical course of Individual patients

with myeloma Is equally as variable as the cllnlco-pathologlcal features

which each displays.- The complexity of the problem Is apparent from the

recognition that an Individual case may succumb to his disease In a time

period ranging from a few weeks to over twenty years from the onset of symptoms

referable to myeloma. Documentation of the occurrence of "spontaneous" re-

mlsslons in symptoms, signs and biochemical findings has Introduced further





complexity Into this already complex situation. Long-term clinical and bio-

chemical studies are in progress on a group of over one hundred cases in an

endeavor to define some of the determinants of the clinical course. Serial

quantitation of the abnormal serum and/or urinary proteins In myeloma currently

represents one of the best objective criteria for the evaluation of the

efficacy of a given therapeutic regimen in a disseminated neoplastic disease.

5» Coincident with the over-production of the abnormal proteins of

myeloma there develops a deficiency In the quantity of normal serum Y-globuI in.

As a result, at least In part, of this deficiency, the myeloma patient dis-

plays an Inordinate increase in susceptibility to pneumonia and other bacterial

infections, in order to define further the extent of alterations In host

responsiveness to "antigenic stress" In this disease
5
the homograft reaction

in myeloma has been investigated, Sn a single subject with myeloma, fuil-

thickness skin grafts from another adult subject have shown complete tolerance

with no evident Inflammatory reaction or rejection after 16 weeks (at this

writing). The normal homograft reaction would appear to be markedly impaired

in patients with this disease*

b) Experimental myeloma; studies with the transplantable mouse

:vtoma - Within the past year, a transplantable plasma cell tumor has

been described in CqH mice. Animals bearing this tumor develop serum protein

abnormalities closely paralleling the findings In the sera of human myeloma

subjects. This experimental tool has been available to this laboratory for

the pest 9 months. The following observations have been made to date:

a. The serum concentration of abnormal protein is proportional

:o t^.r.cr :;:a 4 Serial electrophoretlc examination of the serum of the tumor-

bearlng animals has demonstrated a progressive Increase In the abnormal serum

peak with umor growth, A technique for the electrophoretlc separation and





quantitation of the serum proteins in a single drop of tail vein blood has

been developed.

2 C Surgical excision of localized tumors results in a disappear-

ance of the abnormal protein from the serum. Because this tumor is a well-

dtfferentlated, slow-growing and late-metastasizing neoplasm, "cure" by surgi-

cal extirpation Is possible. Serial study of the serum proteins following

tumor removal provides a means for determining the metabolic degradation rate

of this abnormal globulin. The half-life has been found to be 3"3»5 days.

Knowing the size of the tumor removed, the half-life of the protein, and

estimating the volume of distribution of the protein it can be calculated that

25-35 mgm„ of abnormal protein are produced per gram of tumor per day.

3. The abnormal serum globulin is Immunological ly distinct from

the normal Y-globulin of tho mouse. Rabbit antiserum to the abnormal protein

(isolated by continuous-flow preparative electrophoresis) shews some cross-

reaction with normal mouse serum. After absorption of all the cross-reacting

antibody to normal serum, however, a strong precipitin reaction is still

obtained with the homologous antigen (i.e, the abnormal globulin). This has

been clearly confirmed by the Ouchterlony agar-diffusion technique.

k t The plasma cells of this tumor can be propagated in tissue

culture, and evidence has been obtained for the continued elaboration of the

abnormal protein by these cells grown in vitro . This work is still in its

preliminary stages, but it may be stated that following periods of up to

three weeks of I :, vitro cultivation, with bi-weekly changes in the 'tissue

culture med:a, the abnormal protein can still be demonstrated in the feeding

fluid by immuno-chemical methods. This technique should provide a useful

tool for the study of the mechanisms of protein synthesis. «'
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Card ! o-pij 1 mpr.arv phys 1 o 1 ogy

The Department of Cardiology was expanded during the last academic

year to include a cardiopulmonary laboratory under the direction of Dr .

I

'

-
fe"^''^.-,. Drs . Helnemann and C._ Em? rail have initiated the following

. nvest
i
gati ons

:

a) The effect of C02 on the osmotic activity of mixed venous and

?.CA:v/\-^' .-, - -'i-lpa " Previous observations by Meschsa and Barron suggest that

COg contributes to the measurable total osmotic pressure determined by freezing

^c^n'w depression.

The electrolyte concentration, COg content and freezing point depress-

ion were determined in peripheral arterial, peripheral venous and mixed

venous blood obtained during cardiac catheterization. Determinations were

also done after hyperventilation and following In vitro Incubation of whole

blood with gas mixtures of varying pC02 . it was found that C02 , mainly

carried in plasma as KCO^, contributes to the total solute content as measured

by freezing point depression, but that !n v!vo at rest the A •» V difference is

too small to be accurately measurable,. It is furthermore concluded that the

accumulation of H60o in plasma is In part offset by the chloride shift and

that In addition to the accumulation of C02 , changes in pH, ionic strength

and intracellular and extracellular cation binding contribute to the differ-

ence in freezing point depression between arterial : and venous plasma samples.

b) Reflex .regulation of renal excretion of water and electrolytes -

Evidence is available to suggest that negative pressure- breathing both in dogs

and man leads to a water diuresis (Siekert, Gauer) . This has led to the

assumption that negative pressure breathing causes intrathoracic pooling of

blood and subsequent diuresis via an unexplained homeostatic mechanism
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(volume receptors ?) . Since pooling of blood In a limited area such as the

chest cage may lead to distension of vessels, It was thought that stretching

of these vessels alone without changing blood volume, cardiac output, or

pressure may initiate the same response, A catheter was designed to permit

distension of the superior and Inferior vena cava without obstructing blood

flow. Glomerular "filtration, water and electrolyte output by the kidneys were

measured before, during and after distension of the superior vena cava in 2

dogs during 4 experiments.

The results so far obtained do not suggest that there is an area In the

superior vena cava sensitive to stretch and Involving the regulation of water

and electrolyte excretion.
'

c) Effect of mercuhydrln on the excretion of "free" water - Pre-

... s observations in patients with diabetes Insipidus indicate that mercuhy-

drin increases the excretion of "free" water during water diuresis, in addi-

tion co its effect on solute (Na and CI) output. This strongly suggests that

mercuhydrin acts proximal to the site of "free" water formation. To establish

if mercuhydrin acts quantitatively differently durjng-'tjgG diuresis and "anti"-

diuresis, excretion of "free" water, Na and CI was determined In 2 patients

admitted to the Metabolic Ward, The studies were done twice, once during

maximal water diuresis and once during water deprivation. There was no quan-

titative difference in Na and Cl excretion under both test conditions, but

the excretion of "free" water Increased during water diuresis while active

water reabsorption (Tch'20) Increased during water deprivation.

d) Hyponatremia in a patient with an Intra-pulmonary metastases

jroast carcinoma -This interesting case was studied in 'collaboration

with Dr. J, Laragh, it was found that the defect was characterized by
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hyponatremia, excessive Ma and Cl loss in the urine and continuous excessive

water reabsorption. Despite large fluid loads (hypotonic) the patient was

Unable to produce urine hypotonic to the plasma, i,e extracellular fluid,

" \
". r:'<Ca 1 chemotherapy

The formal evaluations of a number of compounds mentioned in last year's

:^j07t were completed and studies on several new drugs were initiated*

Chlorambucil - Chlorambucil, p-(dl-2-chloroethy0arolnopher,y]butyr?c

acid (CB 13^-8), an aroma ti-c nitrogen mustard, was administered by mouth in

doses ranging from 2-30 mg dally for an average of 3 weeks, !n 60 patients

the average course amounted to 435 mg, or 7 J mg/kg« In the largest group,

32 patients with chronic lymphocytic leukemia given 36 courses of treatment,

significant objective improvement occurred In 21 Instances lasting an average

of 9 months. Of ]k patients with lymphocytic lymphosarcoma, 7 showed signi-

ficant improvement, but only with more prolonged and more intensive, admini-

stration of chlorambucil, in HodgkIn 5 s disease (8 patients), the results

were much .ess encouraging, while there was no effect in six patients with

multiple myeloma. En the dosages used, chlorambucil was practically without

side-effects; in fact, the drug appeared of particular usefulness In the

]k patients with chronic lymphocytic leukemia who had moderate thrombocyto-

penia without clinical manifestations of bleeding prior to therapy as com-

pared to nitrogen mustard and TEM,

hlo-TEPA - The effects of 112 therapeutic courses of trlethylenethio-

phosphoramlde (N-N'-N 1

6

-triethylencthIophcsphoramIde, S-TEPA, Thlo-TEPA) in

100 patients with various malignant neoplasms have been studied. The average

course was 50 mg. given Intravenously over 5 - 7 days. Significant objective

changes were obtained in 19 of ^9 courses given to ^3 patients with malignant

lymphomas, but these changes were generally of short duration. In 57 patients
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with various carcinomas and with malignant melanoma, significant objective

improvement was observed only in those with ovarian carcinoma, Fourteen of

27 patients with the latter tumor were objectively benefited and the survival

time of these was significantly prolonged when compared with the patients in

whom the therapy failed,. The delayed hematologic depression occurring in

-.„ instances and clinical manifestations of toxicity in 17 patients, and the

unpredictability of the dosage-toxicity relationship indicate the low thera-

peutic value of thio-TEPA, except in ovarian carcinoma,

Tricthylena melamine - _Dr a George h'yman , in collaboration with Dr ,

3 , Reese of the institute of Ophthalmology, reported on results of

combination therapy of retinoblastoma with trlethyleno melamine and radio-

therapy* Because of the possibility of synergism between radiotherapy and

•:.-'. ethyl c.-.a mo '.amine therapy, a study was commenced in January, 1953j at the

Institute of Ophthalmology and the Columbia-Presbyterian Medical Center in

which 50 children with retinoblastoma received combined therapy. This com-

bination eppoarec to be both feasible andapparently successful In arresting

retinoblastoma In a significant proportion of children with early disease,

it was found that triethylene melamine could be administered safely to

children in coses proportionately larger than those given to adults and that

the route of choice was intramuscular,

2"[D:"(2"chlproethyl)amlnomethyl Ibenzlmidazoic - This benzimldazole

mustard has been administered during the past year to 12 patients by the

Intravenous route and to 2 patients orally. Preliminary studies in man

showed that in an occasional patient nausea occurred and in one patient a

severe seizure in doses of 2 mgms/kg given daily over k days a depression

of the hematopoietic system with leucopepla and thrombopenia was noted in

most patients after a period of one to two weeks. To date no therapeutic
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results have been observed In any of these patients,

iuorouracf
1 - This compound has been administered to date to 12

patients with a variety of neoplasms by the intravenous route, Preliminary

.-cju. tz ..ould Indicate that this drug, in doses of approximately lOmg/kg/day

x 5 days, produced a significant fall In the platelet count In about 7 to ]k

days In about half of the patients. In some of these patients the platelet

depression was accompanied by mild leucopenia, In none of the patients was

there clinical toxicity secondary to the marrow depressions and the hemogram

returned to -normal within about 10 days. There have been no therapeutic

benefits noted to date in any of these patients.

C8"BQ25 (Phenylalani ne mustard) - Phenylalanine mustard has been

administered to date to 3 patients by iha oral route. In none of these

patients was a therapeutic effect on his malignant melanoma noted, in one

patient
j a total dose of 4.2 mg/kg over a 33 day period was followed by

severe hematologic depression with a white count of 500 and platelet count

of -.0,000 but iho patient's bone marrow had recovered fully 3 weeks later.





~.'.' ".:: -"-" -. " ,

- ~~.rcz Per 1 and Dr . Carle? Ccrtolc:—? have completed a

clinical evaluation of the possible therapeutic effect of the antimetabolite,

8-azaguanine, in patients with glial tumors. The substance has been admini-

stered to 11 patients by intravenous route and to 5 patients by intracarotid

Infusion at the Neurological Institute of New York and the Francis Delafield

Hospi tal

c

The use of 8-azaguanine is based upon the earlier studies of Dr .

Margaret Murray of the Laboratory for Cell Physiology showing that it is

capable of arrostl.-.g the growth of glioblastoma cells in tissue culture,, The

di - g .-.as baen used extensively elsewhere in attempting to alter the cause of

various malignant diseases.

intravenous administration of a sterile saline solution of 8-azaguanine

was carried cut in 11 patients. All patients had histological verification of

the diagnosis of glioblastoma multiforme. These patients received 8-azagua-

nine alone, and 8 patients received simultaneous radiotherapy and chemotherapy.

Survival time after operation was not prolonged by either 8-azaguanine

alone, or by radiotherapy plus 8-azaguanine, as shown in Table 1,

TABLE !

Number of patients

Surgery and Radiotherapy

Surgery without Radiotherapy

Average survival period

(Surgery and Radiotherapy)

Average survival time 7.6 mos. 5.0 mos.

(Surgery without Radiotherapy)

CONTROL
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:;_3ge of 8-azaguanine was 100-250 mgrn per patient per day as long as

tolerated. Total cose ranged from e 6 to 2,0 grams. Treatment was terminated

by the appearance of toxic symptoms. These are summarized In Table II,

TABLE 1 I

REACTIONS OF INTOLERANCE

(Demonstrating the pathological manifestations attributable to 8-azaguanine)

!!

^R RASH PHLEBITIS VOMITING DIARRHEA LEUKOPENIA DROWSINESS TENESMUS

.......
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intracarotld Infusion was carried out in 5 patients with verified gilo-

01 a multiforme. Three patients received Intracarotld 8-azaguanino alone,

and 2 patients were given 8-azaguanlne during a course of radiotherapy.

dosage of 8-azaguanine, administered as a continuous Infusion of 100 mgm

per ". iter, ranged from 0.4 to 2*0 cms* per patient.

Survival time was not prolonged in any of these 5 cases »

Treatment was 61 scant I nucd In ea^h case because of toxic reaction.

Intracarotld infusion produced localized toxic symptoms consisting of rash

over the homolateral side of the face and neck, and continuous, excessive

salivation, The latter was most distressing to the patient and was only

j-rt'. e'. "y co.Ywro'. led by atropine sulfate.

The clinical Impression gained by these studies may be summarized by

saying that while life was not prolonged by administration of 8-azaguanine

to a series of patients with glioblastoma multiforme, it was of interest

that definite clinical Improvement occurred In 7 of the 11 cases treated

by intravenous route and in 3 of the 5 patients who received the drug by

intracarotld route. Brief, temporary improvement consisted of markedly

reduced tension of a subtemporal decompression In one patient, and mental

clearing and Improvement fn hemiparetic and aphasic symptoms in the other

9 patter.tig interestingly this Improvement occurred only after 48 hours

of treatment by either route and lasted for only 4 to 14 days. Since this

transient improvement persisted beyond the period of treatment in most

cases', it does not appear that it Is a non-specific effect or dehydration

response.

Efforts to protect the patient from the toxic effects of 8-azaguanine

by administration of vitamin C, pyribenzamine, or cortisone were futile.

In related animal studies, experiments in the use of this drug in mice,
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rabbits and dogs were carried out prior to the human administration. CHq

mice with verified tumors resembling glioblastoma were tested. The tumors

were induced by Implantation In the brain of methyl cholanthrene. This work,.

carried out by Dr_„ Frederick Boykln , did not demonstrate statistically slg-

niffcant prolongation of life or reduction of tumor size In the tumor mice.

However, in some of these animals there was definite reduction Sn the rate

of tumor growth and evidence of histological changes in the Induced tumors,

suggesting £.:vest of cell growth by the use of S-azaguanlne. The drug was

given to these animals by the intraperitoneal route. In dosages of 50 mgs,

per kilo, .:. other words, in some Instances the drug seemed to be effective

... slowing the rate of tumor growth,

'.':.z . .v-racarotid infusion technique was tested on rabbits and dogs

in dosages equivalent to that later used for treatment In man. There were

no untoward effects unless a greater concentration than that used clinically

was giver:; which then led to cerebral edema on the injected side of the brain.

From our laboratory and clinical experience, we feel that in some cases

8-azaguanlne may exert some slight effects on glioblastoma multiforme tumors

in mOv.-i and man, The fact that this drug is not more effective could be

attributed to (I) an Insufficient concentration of the drug reaching the

tumor because the substance is broken down so rapidly after injection, and

(2) the difficulty In giving a sufficiently concentrated dose because of

toxic effects, For example, the tolerated clinical dosage does not even

closely approach the effective concentration used in tissue culture studies.

This report on the use of 8-azaguanine Is offered to save others from

duplicating such a study, and to Indicate that intracarotld injections of

;
• :;-.c.-upo--:\..c agents are feasible and need not lead to the serious cere-

ore", complications reported in the literature following the use of a more
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toxic substance, nitrogen mustard.

There Is a definite feeling that successful treatment of glioblastoma

multiforme and other brain tumors will ultimately depend on Intravenous or

Intracarotld Infusion of tumor? cldal agents, probably in the form of anti-

metabol i tes

... additional activities;, Dr_, Edward Schleslnc-;- aad _r_^ /. ..
_".' -:i- .

;

are a.. _caa Sn a study of intracranial local? zatSon with radioisotopes which

has been greatly improved by simplifying the method of recording to enhance

clinical application. Collimation methods are now standard and no longer

require special Investigation as a separate problem,

Dr a
,'':', v jam Clark , our collaborating physical chemist, has finished

;

:.-ol '.;..'. aa.-y studies and chosen what he considers to be the likeliest carriers

for radioactive isotopes. He now plans to synthesize them for clinical trial,
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.
'.* ~?J?ftJJ..us v/» Roberts has been studying the histologic changes In

mice exposed to high altitude conditions (Sow oxygen tensions) a Under the

direction of _";r, Alvan Barach and Dr. Hylan Bickerman, mice with and without

— - carcinoma (C755) were exposed for various periods of time, ^ c

F
; ..

compared the body weights and tumor weights of the various groups.-

Histologic study of all organs and of tumors utilizing special vascular

stains .- micrometer measurement of vasculature was carried out,

Dr a John T. Gorman has been studying the extra-si alotic mixed tumors

with Dr< A* Purdy Stout. The study has already brought to light some

... ... ;rlbed unusual' features,

p.r.a __ I

;out has continued his investigations of the changes In

the bronchial mucosa fn connection with cigarette smoking. This is a conti-

on of a program carried out by a group headed by Dr, Oscar Auerbach at

the East Orange V» A, Hospital,

3r, ____' lheimer and his associates, with £r. Stout, are conti-

......._ work on tho general problem of the significance of sarcomas developing

... relation to plastic films, with special reference to the mechanisms of

their production and the precancerous stage,

3r, V il, Hill and Dr . S tou t have reviewed the leiomyosarcomas

in the soft tissues. The work Is now approaching completion,

,, HHj[ and Dr, Henry A?.ar collaborated with" Dr. £» Osserman and

completed a study of malignant lymphomatous conditions in which a myeloma-

tous type or serum protein was demonstrated. Use of pyronine stains

awed : the cytoplasm of these cells was more pyroninophiilc despite

absence of other stigmata of myeloma cells, «

io Fiala, Mrs , Anna__Fi_a]_a and Dr., Eol'th Sprou'l reported to
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Assocn,- for Cancer Research and the Federation of Biological

les completed studies on the localisation of carcinogens and the rela=

tlonsh . of . resulting altered metabolism to the changed distribution of

cytopl— tc ribonucleic acjd 9 Protel rebound carcinogen was found to accumu-

iate .. ; ... the soluble phase and secondly In the microsome fractions The

i— anco z: mitochondrial binding of carcinogen refuted the theory of direct

Inhibition of respiration by carcinogens,. The gradual depletion of m?to»

chondria and of respiratory enzymes paralleled the depletion of cytoplasmic

microsomal -bound WA during carcinogenesis,, As macromo secular RNA increased,

a propoj cio crease In glycolytic enzyme activity occurred The cyto-

plasmic events during carcinogenesis were contrasted with those of hypertrophy

and hyperplasia In target organ cells following stimulation by anterior

ituttary hormones* Both patterns of change demonstrated a relationship

between forr on of respiratory enzymes and synthesis of microsomal -bound

RNA.

J- E II th Sproul has studied the sputa of well Individuals, and of

patients with and without malignant disease of the lung. These specimens

were obtained by ^ Hylan Blckerman and Dr. At van, Barach by administration

of hypertonic saline In tergemlst. There was good correlation between the

g condition and the diagnoses on the induced sputum. This study was the

initial work in a proposed screening program for lung cancer among indivi-

duals not producing sputum.

Dr . D ^_^2L -23 ^oe;i revlew'iw'.g jactlc.-.s of -;v:::.~.':z.". ':;/;. c.-°

ti ....._ of mucous membranes In conjunction with Dr. Willi am Kutscher and Dr.

___-_ ._ -_..

Or, ?rspor1t,.Plyeratn l Dr.. V/Ill?am Hill and Dr. Stout have completed

a report en the rare leiomyosarcomas of the esophagus.
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&• iaigesA. tolff with Drs Frederick H, von Hofo. William E. Homnn

and CaW ln.Tr I blanp has continued studies on the chemotherapy of acute and

s ute leukemia in children In cooperation with the Clinical Panel of the

Cancer Chemotherapy National Service Center, An evaluation was made of the

effec*ivc-ness of 6-mercaptopurIne when used fn combination with anserine as

coraPared with 6-mercaptopurIne alone. The results of this study are now

bein9 evalu2ted statistically and it would appear that the single drug is

therapeutically as effective as the combination of drugs. There is some

Indication that the length of remission produced may be somewhat longer with

the combination than with mercaptopurlne alone.

At the present time a new drug, B0N 4 Is 'being evaluated 2n combina-

tion with 6=mercaptopurIne for comparison with 6-mercaptopurine alone In

standard and fn greater than standard dosage.





".'' eg.-..Research^ Laborato ry

As in previous years, the activities of the Radiobiological Research

L< -_tory have been divided between a research project for the Atomic Energy

Corner ... and problems related to therapeutic radiology and medical uses of

radioactive isotopes* While the work carried out for the AEC !s concerned

problems of special interest to the Commission, It generally involves

fun lamental problems in radiological physics and radiobiology.

The radiological ph.ysics section Is primarily concerned with absolute

me -ements of both the quantity and quality of radiation as delivered to

tissue, in addition to Investigating new methods of such measurements, con-

siderable effort Is being spent In determining certain parameters which are

essential In the precise cose measurement involving the ionization method.

Radiobiology under the Atomic Energy Commission contract deals largely with

pi blems related to radiation protection. Below is a brief summary of the

activities.

' -. o: Fa ? 11a, Mr. VJ. Gross, Mr. B. Allen and as sociates

logical Physics ; Measurements of tissue doses produced by radio-

. te isotopes variously distributed have been continued. An accurate

determination of U, the average energy lost by S^5 beta rays per ion pair

produ -- ... air, has been made. This value is 33.6 * 0.3 ev. and is in good

agreement ... -.-. the value determined later at the Bureau of Standards by a

different method. The value of W for water, vapor relative to air for the

same beta rays (0.89**) has been determined experimentally for the first time,

A preliminary value (1.23) of the specific energy absorption of water with

.-e^;c\: to air for the beta rays of NI
6^ has been obtained. A new method

intended primarily for determining the disintegration rate of K-capture

198
isotopes from their gamma rays has been tested with Au J

. The results





agree within - 3% with those obtained by the Bureau of Standards using a

different method.

For the measurement of tissue doses of low voltage x-rays it Is neces-

sary to nave Ionization chambers with walls of a conducting material having

an atomic composition very similar to that of the tissue of interest (muscle,

bone, fat
s etc.). The requirements 'in this case are more stringent than for

chambers Intended to measure doses of neutrons. New tissue equivalent con-

ducting ..^-;icj are being developed In cooperation with Dr. F„ Shonka of

St. Procopius College and Dr. J. E„ Rose of the Argonne National Laboratory.

New types of ionization chambers and electrometers are also being developed.

Some new methods for testing the tissue equivalence of the conducting plas-

tics with x-rays and the behavior of insulators are being used.

,".- Ho H. R.ossl, Mr» W- Rosen zwej

g

, Dr, R. K. Hill and associates

Radiological Physics; The work on tissue equivalent Ionization chaciw

bers for neutron dose measurements is passing from the research to the technl-

colc ileal stage. At least one manufacturer intends to market these chambers

and consultation was furnished to this manufacturer, as well as to other indlvi'

duals who were Interested in making their own chambers. However, one new

model has been developed for protection study. In addition, radiation cali-

brations primarily involving neutron sources have been done at a number of

other laboratories.

Acquisition of a 256 Channel Differential Analyzer has aided greatly

In further studies of L,E.T« (linear energy transfer) studies of dose. The

L.E.T, distribution of a number of neutron sources has been evaluated, both

at this laboratory and at a facility at the Argonne National Laboratory, ?re-

liminary -.idles have been performed at the Presbyterian Hospital betatron,

which the neutron dose In a stray radiation field was evaluated.
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Extensive studies of the properties of the plaque-type mutant T
Is'

discovered by Or. ^jjj_ last year> have been carried out. This mutant was em-

ployed In an extensive study of bacterial mutation. As a result of this work.

It would appear that mutation, at least with respect to phage resistance, Is

d 9radua * rather than an abrupt process. Because of the fundamental impor-

tance of this observation a good deal of further work in this field will be

performed in the coming year,

Dr« R. Rugh and associates

£SlLo.b fotogy: Research Is in three major directions: Lethality studies,

effect of radiation on the gonads, and effects of radiation on the fetus.

Hibernating and tranquil! zing drugs have been used with adult mice to

determine their value In altering the LD/50/30 days of whole body x-irradia-

tlon, Heterosis {hybrid vigor) has been demonstrated as effective when the

.--.— ty data of CF« x C^ hybrids are compared with data for the pure stocks.

An attempt has been made to correlate the degree of lymphopenia following a

iow level whole body exposure of 50 r (rats) with subsequent tolerance of an

LD/50/30 day level of S00 r x-ray exposure, it was hoped that the response

of pari.: .-.oral blood to a low level of exposure might be an Indicator to sub-

sequent reactions to higher levels of exposure.

The minimum x-ray exposure of the adult female to cause ultimate sterl-

llty has been determined as 20 r. The fertile life span of every female so

exposed was reduced. Males of any species appear to be more radiosensitive

than iho females. Castrated males are more radioresistant than their normai

brothers, and these were made still more radioresistant by the injection of

estrogens. Even within the 4 1/2 day estrus cycle of the female there is a

2-fold variation in radlosensitivlty, with maximum resistance during estrus.

At every phase of estrus the female is more radioresistant than is the male.
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The following studies are being carried out with regard to effects of

r— at— on the fetus:

1, The fetal nervous system, particularly the neuroblasts, is ex-

tremely radiosensitive. The developing neural retina can be severely damaged

by tolerable levels of x-radiation, but by 2k hours the phagocytes begin to

clean up the cellular detritus and by 72 hours the fetal retina appears to be

quite normal. By 2 months the eye will be definitely microphthalmia and

there Is no way to determine any effect on visual acuity In the mouse

Apparently the effect of x-irradiatlon of the fetus Is deletion of elements

of the nervous system which are actively differentiating at the time of

Insult* Survivors have defects related more to the time of Insult than to

the level of x-radiation.

2 The production of sterility in either sex depends both on the

dose of radiation and the stage of fetal development. Quantitative data are

being obtained,

3» The fetus has neuroblasts at" all times and these cells are

extremely vulnerable Rats irradiated Jn .utero with very small doses and

a!" ed to survive to adulthood are being subjected to psychological tests

to ^ee if -hzTQ has haen damage. There are no histological or cytoiogica!

manifestations of radiation effect.

k a The placental barrier between the mother and the fetuses is

being used to test whether splenic homogenates exercise their radio-protective

effects through cellular components or hormone-like products.

5 a X-Irradiatlon of the lactatlng mouse has been shown to affect

the growth of the suckling young only by reducing their food intake; there

appears to be no evidence of indirect morphological damage to the young when

the mother Is erased*
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Ross?, Mr. F. DeFrless and associates

Clinical Radiatio n Physics ; Although betatron operation has on the

— ie been satisfactory, occasional failures have required modification of

some of the circuits in the machine, notably in the Injection and expansion

~y-'. ~, 7o :
;

_„. 1 . :_':e patient orientation it Is desirable to have optical

devices t produce light beams which are either coincident with the main

axis of the bea.T. or precisely at right angles. Because of the large size of

the betatron room, development of such apparatus was found to be a rather

difficult engineering problem. However, an accurate optical back-pointer

has - .. structed which "tracks" vertical motion of the betatron with the

precision of better than 3 ram. A side pointer has been designed and is In

the process of construction*

.-'or purposes of radiation economy, It Is desirable to have a variable

aperture for the betatron. Large amounts of lead are required for adequate

shielding and considerable precision in collimation is necessary for good

beam definition,, A device incorporating these features has been designed and

construction Is almost complete.

As an outgrowth of radiation safety studies, it has been decided to

initiate two experiments designed to study patient dose in diagnostic proce-

dures. One of these will involve a determination of Integral dose received

.• various conditions of kilovoltage, field size, etc. Since this project

will be carried out utilizing a new technique which is quite rapid, a large

a -.: of information should be obtained quickly, once the equipment required

has been secured. The other study will Involve a determination of the dose

received at various points in a phantom and the correlation of these figures

with the degree of blackening of a photographic emulsion placed behind the

phantom. This work Is designed to explore the possibility of changes in
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technique, which may lead to lessening of patient exposure.

Studies of the absolute output of the betatron have yielded this

quantity to a precision of a few per cento Correlation of these figures

with studies of the relative output of most of the other medical betatrons

in the U, S makes it possible to obtain an absolute output for all of these

machines. As a result, It will also be possible to arrive at some estimates

of the relative biological effectiveness of 2k MV x-radiatlon,

..bar of studies of the physics group were performed In cooperation

... ... various Individuals. These include experimental measurements of differ-

entlal tissue absorption in cooperation with Mrs. Beverly Cohen 3 water phan-

tom measurements at various qualities for a possible modified isodose system

... occ.-er. z:. with __% Co;"^ prsestruoa and calculations and measurements on

betatron rotation. in cooperation with Dr. M. Kligerman , This last project

resulted in a paper which was given at the Radium Society meetings,

As in previous years a considerable amount of routine work was per-

formed, including calibration of therapeutic units, direct measurements and

calculation of radium applications, assistance in training residents and

treatment planning,,

.'
: i-i . 0.u?mbv.an_d_jlfs

i
.
>
Cohen

lancer Research Project on, Radiation Dosage; The study on effects of

radiation quality, target-axis distance, and field size on the efficiency of

rotation therapy of lesions in different parts of the body has been completed,

A preliminary I'orjori on this material was presented at the 8th International

Congress of Radiology In Mexico City in July 1S56, and a definitive report at

the meeting of the American Roentgen Ray Society In Los Angeles in September.

At this meeting also Dr. Oulmby, and Mrs, Cohen presented an exhibit based
'

on the material of this study; this received an Award of Merit.
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Or , G „ Fa ! 1 1 a and Br. Edith Q,u!mby received the annua! national award

of the American Cancer Society at the Society 5 s annual meeting -In November,

for their studies on radiation dosage 9 carried out over many years.
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Radio'

':eri.an Hospital

The 2k million volt betatron has been in continuous operation for more

-

—
'. eightee nths and is being utilized both for clinical radiotherapy and

.
—

. research. Drjs 9 jjor toji_K lJ.,german , Nor ah Taplcy,and Miss Ginette

have completed a study of the dosimetry of rotation therapy with the

, Hare .„^2££iis with Dr. Fred Lucas, is studying the radiation

effects on normal and cancerous tissue removed at autopsy and Is investigating

the c". ;;•/. ja*. .--__.

'

UJ of radiation therapy of carcinoma of the larynx and ure-

..,.-_ _. _ J.-wtj'tut^GiTis He S3 writing a chapter on radiation therapy for

a for' ing book on lung- and mediastinal tumors.

I ..- _. .
^man Is continuing his experiments with Dr. Daniel Shapiro

of the Department of Surgery on the augmentation of radiotherapeutic effects

by multi^eorr nation cancer chemotherapy. The preliminary results of these

studies on animals have been very encouraging and hold promise of being an

important adjunct to our armamentarium against neoplastic disease Drs .

n and v. are working with Dr_. J. J»
m

Jaepbspn and jDr, Ferdinand

ter of the Department of Surgery En investigating the effects of

adrenal irradiation on experimentally produced ascites in dogs, Drs .

n and Tapley are also continuing their study with Dr. Algernon

o of the Department of Ophthalmology and Dr. Geor ge, Hymen of the Depart-

ment of Medicine in Investigating the treatment of retinoblastomas by frra-

dlatlon alone and in combination with triethylenemclamihe; Dr. Kl iqerman

and Mr. V Frantz of the Department of Surgery are continuing research

on a study of carcinogenesis from external and internal radiation in the

thyroid of the Long-Evans rat.
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Francis Delafteld Hospital

a ) Radio -

;: her spy

"uth Guttmann Is continuing her clinical evaluation of the

resu":\:-. of supervoltage and has been evaluating the comparative results of

the treatment of neoplasms with conventional 250 KV irradiation as compared

with 2 ...iv '..-radiation. She is also studying the effects of irradiation on

. node metastases. Thus far she has observed no difference in the re-

sponse to Irradiation between metastatic adenocarcinoma and squamous cell

carcinoma and no difference In the response of nodes in different areas.

Small ;.3des responded better than larger ones and metastatic nodes could be

sterilized by irradiation while there was still persistent disease in the

primary lesion,

';':.;• majin and D_r„ Carl Steglich have re-opened their studies of

the effect of. supervoltage Irradiation on the esophagus e D£. Gut tmann and

pr t Doris Bate have completed their studies on pulmonary changes following

2 mev therapy for breast cancer*

Mr, Car: Brae s trup , Mr , George Hertsch , and Mr, Richard T» Mooney have

completed a study of transit dose measurements for Cobalt 60 Teletherapy.

b) Rediodfacmosls

: [„ -.mold Bachman is continuing his studies on intra-osseous

venography with special reference to the azygous system in an attempt to

distinguish between benign and malignant tumors and to determine operability.

He Is also studying -the roentgenograph! c appearance of laryngeal tumors and

is Investigating the technique of the roentgen detection of colonic polyps.

c) Radiobfology

Dr , Anna Goldfeder is continuing to study the properties of maligna.";'
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)rs which govern the rate of growth, metabolic activity and radloser.sf tivity,

She Is Investigating the significance of the time dose relationship In the

biological response to Ionizing radiation as well as the mechanisms involved

fn the biologic effects of ionizing radiation.
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Surge 'y.

Cancer .-exarch investigations in the Department of Surgery have

ranged from the problem of thyroid carcinogenesis from Internal and external

irr tion through the cultivation of adenovirus In human cancer cells in

tissue ;uiture to the further characterization of the criteria for operabi-

lity and inoperabillty in cancer of the breast.

roid :"3;esrch

The problem of the. possible carcinogenic effect of radiation to the

th> roid gland has long been of Interest to j3r. Virginia Frar.tz and her

colleagues in the Thyroid Clinic, particularly with the Introduction of

r tive iodine as a diagnostic and therapeutic agent. As early as 19^9

a report was published of the results of a questionnaire sent out by Drs . E.

y. anc* 1 J:3^:ox from our own clinic to radiologists, internists and

surgical pathologists In an effort to find out whether thyroid carcinoma had

aver occurred in a previously Irradiated gland; no evidence of increased

Incidence of carcinoma was found. These were, of course, adult patients. 3n

many clinics such as our own a large number of patients were successfully

treated for thyrotoxicosis by external therapy. The bulk of these patients

were treated between 15 and 25 years ago, so that there has been ample time

for carcinoma to become apparent clinically if It had been initiated by

radiation damage to these adults. In this clinic approximately 738 patients

were treated and in no instance in our cases so treated has a thyroid carci-

..:..._ . ico.r.e evi cent 4

Another approach In our clinic has been the review of thyroid cancer

patients. Vie have approximately ^66 cases operated upon for carcinoma of

the thyroid to date. In 177 of these cases up to December 31 • ^956, there

Is a possible 10-year follow-up. Only one patient gave a history of previous
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radiotherapy for Graves 2 disease. This patient was treated at the ace of 34

and her operation fof thyroid carcinoma was 13 years later.

The recent article by Simpson and Hempelmann emphasises the possible

direct relationship between irradiation, at least Sn children, and the

development of malignant tumors of the thyroid. There has been enough con-

cern st this so that In some clinics when 1=131 is used for the treatment

of primary hyperthyroidism a lower age limit has been set for this form of

therapy, usually kO to h5 years. Beyond this age the life expectancy of a

patient and the characteristic indolence of growth of the low grade forms of

thyroid :er combine to make. the development of the aggressive disease

unlikely in tha later years of these patients 8 lives,

A new alarm, however, about possible carcinogenesis was spread 'by the

publication In January 1952 of an article which received very wide Immediate

attention. This was the second article from Chalkoff*s laboratory on the

. ction of thyroid tumor In rats by a single Intraperitoneal dose of radio-

iodine. Apparently in several Institutions there was some scepticism about

aha va'. .~Iuy ^-
r

the- figures In this series bocauso only 25 animals woro used*

it had obviously -can considered in the nature of a pilot experiment and the

aaat.-a.^ ecu Is tec of the very large number of similar rats studied In other

experiments over a period of many years in that laboratory. Also Sn several

other laboratories there was an almost irresistible impulse to repeat the

£:..:c:.-:.-;.a.-.a '.:'::. a larger number of animals. Vie succumbed to this temptation

... our awn institution.

Our study was started in December 1952. We attempted to duplicate

Cnafkoff*s results using the same experimental conditions and, in addition,

to make a comoarlson between ihQ effects of radioactive Iodine and an esti-

mated equivalent external x-ray dose on the thyroid gland of the Long-Evans rat,
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One -ed sixty-eight adult male rats divided approximately equally

Into three groups, i.e. 1) controls; 2) internally irradiated; and 3)

externally Irradiated, were examined periodically and sacrificed after two

year:;.

The internally Irradiated rats received a single Intraperitoneal

injection of k-00 mlcrocurles of 1-131* The externally irradiated rats re-

zz.r,^d a tissue dose of 900 roentgens in five days. This dose, which had

been thought originally to be a calculated equivalent dose, turned out to be

less than the I*!31 dose, which often totally ablated the thyroid gland and

c— ~c myxedema in the animals. This resulted in observations of the effect

of different cose levels which proved of considerable interest. After sacrl-

ffce of the '.50 animals suitable for study, the thyroid gland together with

the trachea was studied In serial section. There were 136 pituitary glands

suitable for section,, The results of the study in detail have been submitted

for publication. In summary this reads:

A sir.~".e Intraperitoneal dose of kQO uc, of 1-13! In this scries of

male Long-Evans rats maintained on a low-iodine diet induced symptoms of

h poth roidlsm and partial or almost complete ablation of the thyroid gland.

Only one thyroid neoplasm was found in rats so treated. This is a benign

follicular adenoma.

X-ray irradiation of similar rats, SOOr in 300r doses, delivered In

$ days, did not induce hypothyroidism, nor was atrophy of the gland a striking

feature in these animals. A large number of benign adenomas and similar tumors

thought to be Invasive, designated as the "solid" type, were found in these

x-ray-treated rats.

A control series, not treated, was found to have neoplasms of those

same types, but In smaller numbers, than the x-ray-treated animals,
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Papillary and follicular carcinomas were not found in the controls

but were found in the x-ray-treated rats The only malignant tumor with

metastases was found In an x-ray-treated rat, a follicular carcinoma with

lymph node metastases.

The coexistence of multiple endocrine neoplasms was noted

Benign and malignant neoplasms in other sites are reported.

Conclusions: In this small series, which has not been subjected to

statistical analysis, there is suggestive evidence that In certain low dose

ranges of x-ray - not high enough to cause atrophy of the thyroid - benign

and malignant turners develop in this strain of rats In high enough propor-

tions to suggest that the radiation Is a carcinogenic factor s That the only

malignant papillary and follicular tumors - histologically different from

the spontaneous neoplasms-" were found in the x-ray-treated rats Is In agree-

ment with the more recent findings of Lindsay, Potter and Chaikoff that lower

dose levels of 1-131 Irradiation were probably carcinogenic In similar animals,

Histochemi stry research

The Histochemistry Research Laboratory, under the direction of Dr,

A^.Av^dman, has engaged In the following Investigations:

1« Correlated histochemlcal and electron microscopic studies of

vlrus-cii'. relationships, with special reference to the intranuclear infection

with certain adenoviruses, Sn collaboration with Drs, C. Morgan, C. Howe and

__ - x of u'r.c Department of Microbiology, Investigation of the cytopathology

of adenovirus infection has continued,, It has been found that Infection of

>red HeLa or FJ cells with adenovirus type 5 results In the formation of

al . large Intranuclear crystals which ore composed of protein In addition

to ordered arrays of DMA-containing virus. Some properties of this material

have been studied. Using the correlative technique of electron microscopy
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— histochemistry of the same objects, the stages of viral and crystal

— -- - in cells are being examined.

2. The constitution of the L.E. bodies of systemic lupus erythe-

matosus, with particular reference to Its protein moiety. Evidence has pre-

viously been presented showing that the DNA of the L.E. body, which is

derived from the cell nucleus, Is neither altered In state nor In relative

amount as compared with normal nuclei- as had been widely supposed. Con-

tinued investigations,with Dr. A B o Deitch
fl
have shown that In the format-Ion

of the I.E. body from a nucleus a 2= to 3"fo1d augmentation of protein occurs.

At the same time hi stones are apparently Iost The Incurrent protein, which

Is presumed to be derived from lupus serum, appears to be bound to DMA,

srferometrlc microscopy, carried out with Dr. R. Rlfklnd of the Depart-

ment of Medicine, has confirmed that a more than 2-fold increase of dry

mass takes place In the L a t. transformation. The process of conversion has

bee;, followed visually by means of phase contrast microscopy.

3. The deoxyrlbonuclcoprotein complex In the course of cellular

differentiation In typical and atypical growth. With Dr . A„ D. Deitch j the

changes in the nuclear constituents and their mutual associations, as detected

cytochemlcally, are under investigation. Cells of the lymphatic series, and

differentiating osteogenic and chondrogenic cells are being studied.

k t Factors Influencing the production of acid mucopolysaccharides

by cells of osteogenic origin In tissue culture. With Mr. C» M. Morris a the

Influence of growth rate, cell numbers 9
altered physlcarcondltions, medium

composition, and chemical or hormonal agencies on quantitative production of

acid mucopolysaccharide by strains of cells derived from membrane bone are

under study. Efforts to obtain an accurate method of evaluating cell number

in culture by means of micro-DNA determinations have been successful.
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5. The Influence of eortScoids on the functional activity cf

strain "L" fibroblasts In vitro, Dr„ H ... Gr.oss.fcld of the Department of

Medicine is studying the effects of cortisone and related steroids or. the

survival and metabolism of ceils of strain "L" in tissue culture.

Co 1

1

phys ?p 1

o

oy

Using tissue culture methods, the Laboratory for Cell Physiology under

the direction of Dr M. R. Murray Is habitually occupied with a variety of

basic research problems at the cellular level. Especially during the past

year its function In post"doctoral training has been emphasized. Cn special

fellowships from the U.S. Public Health Service, Professor F.^Jhcmas Aloard

ov ita.v:ord University and Cj£« Murray Bornstein of Mt, Sinai Hospital have

been adapting tissue culture techniques, respectively, for investigating the

histogenesis of hormone-dependent tumors in the hamster, and for the experi-

mental study of the degenerative diseases of the nervous system. Or. Louis

R. Rey of the Ecole Norma le Super! cure, Paris, spent several weeks as guest

Investigator learning methods of culturing differentiating nervous tissues.

In her continuing study of nutritional factors governing the develop-

ment of the dorsal root ganglion complex, Mrs. Edith Peterson has been able

with the aid of synthetic media to dissociate experimentally several elements

which normally combine to produce the mature, or differentiated, neuron.

Thus she has shown that myelin sheath formation Is dependent not only on the

orientation and development of the Schwann cells enveloping the fiber (cre-

dited by Geren with the major role in myelinogenesis) but also on the capa-

city of the neuron soma to produce Nlssl substance.

In a direct chemical attack upon the problem of cytodlfferentlatlon

',".:. co '.'.^oration with Professor Erwln Ghargaff) Mr s . Helena Benitez has

been able to bring about, on a quantitative basis, a morphological
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ransformation in adult rat fibroblasts. When confronted In vitro with micro-

somes from homologous liver or kidney, these cells take on the appearance of

cultured CMS tissue; when the agent is withdrawn, the fibroblasts gradually

.-ever, to their typical form. The relationship of RNA (as a major component

of microsomes) to this change is being Investigated,

!n collaboration with Pjrofessojr Pan_Moore of Microbiology, Or. Etlennc

iasfarques has been engaged In a study of the milk factor for mouse mammary

carcinoma,, He has successfully propagated this carcinogenic agent in cultures

of normal embryonic mammary glands, and is attempting by electron microscopy,

correlated with various physical and chemical means, to Identify and charac-

tes ize it. It Is hoped that by this correlated multiple approach, Incon-

sistencies and contradictions which now characterize the literature of the

milk vacuor ma/ ao resolved.

Employing his recently developed method for cuituring adult mouse

mammary tissue, _Dr. lasfargues has made ancillary observations which indicate

that the lipid Inclusions In the secreting mammary epithelium are of exogenous

origin, deriving from adjacent adipose tissue, rather than being synthesized as

lipid by the epithelial cells themselves.

With Professors Gel Ihorn and Kirschberg , Mrs . Ruth Eising has been

continuing a comparative study of the effects of chemotherapeutic agents upon

human and mouse gliomas In vivo and In vitro ,

7he__mpuso mammary carcinoma milk factor.

'.'.-.a direction of the research efforts of J)r. C. D^ Kaagenscn and his

associates remains the same, namely, to identify and describe the factor In

the milk of mice which produces breast cancer. Although we have continued

tc attack this problem by every available method, emphasis has shifted during

the past year to the tissue culture method of study.
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ay sna ^i»^1^2_j^iIi£j2iiSi. nave worked c^ satisfaci

2thods of growing the mouse breast tissue in tissue culture,,

Electron microscope studies of cultures of both normal and neoplastic

;:;-:.:-- have revealed virus-Ukc particles only [n the neoplastic tissues,

" ; ";-'--= JtV 3nd prevalence or virus-like articles appears to be much greater

the cultures of cancerous tissue than In sections of the tumor Itself. These

irticles, mostly localized In the Intercellular spaces, are released Into the

Iture medium where they may be seen in dispersed preparations. This suggests

: : possibility of producing large quantities of such particles and their iso-

lation in order to test their specificity*

An antiserum prepared In the rabbit, by repeated Inoculations of milk

ora tumor-agent-bearing mice, has a powerful destructive activity on epithe-

lial cultures of neoplastic -mammary tissue. This action is perceptibly

llder on cultures of normal epithelium. Such in vitro tests are now being

jscd to detect the specificity of various fractions isolated from the whole

Ik of agent-bearing mice,

££• ^n^LI^jl^As of Yale University, continues to collaborate In our

iroject by douteron bombardment of the milk preparations, using both untreated

ind versene-treated milk.

Tumor biology

. '.o ^.gward U Howes has been studying certain biological and biochemical

- -• -- g tumor growth:

Mucoproteins Increase In the Individual with cancer but it is not known

--..:.- this Increase Is a reaction to Injury or the result of increased pro-

:tion o'.-' these substances by the tumor. Several are present,

V.'.: .-;•,: .;oprote I r.s of 755 tumors are being Isolated and measured quanti-

- ; both for the amount and types of mucoproteins found in the tumor
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: - : ~-- — ••'- -he jIooo of the host.

The relationship of the sprouting of blood vessels to the capacity of
tumors .0 survive transplantation has b,en Investigated In a general program
studying the chemical changes that Initiate or accompany the sprouting of
capillaries. The tumors have been found to survive transplantation equally
as well when placed in a field of growing capillaries (granulations) as In

an area of delayed sprouting (cortisone effect). Moreover It has not been

possible to isolate from a. tumor any substance that promotes capillary growth

C ' SVen
^ markedly Proteolytic enzyme. Most of the large vessels seen about

thS :
~
-'"" :ed tumors arc vc^ s « Jt has aeen shown, however, that trans-

plantation requires plasma or whole blood,

... I \
' chemotherapy

$L< 5^eJ^„_Shapj
j:o s together with Dr ft L S. Dietrich of the Depart-

ment of Biochemistry and Dr. Mgurl.ce.ShMs of the Department of Surgery, has

continued studies toward the two principal objectives of their research pro-

gram: 1) to explore the feasibility of utilizing quantitative biochemical

differences between normal and neoplastic cells as an approach to cancer

chemotherapy
s

and 2) to study the possibility of eradicating neoplastic

diseases by the simultaneous or sequential administration of combinations of

chemical compounds selected upon this basis*

In systematically studying the S vitamins and their antimetabolites,

we have been concerned most recently with niacin, and have noted carcinostatlc

activity with the niacin antagonist, 6-aminonicotinamide. This compound has

been tested alone and In combination with S-azaguanlne and testosterone against

the same tumor-host system (755 breast cancer in C57 mice).

The results with 6-amInonIcotInamide (6-AN) alone range from Inhibition

of tumor growth, to stoppage of growth, to significant tumor regression
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depending upon the dosage levels of 6-AN employed. A dose of 2.0 mg./kg.,

while allowing some tumor growth to take place, produced marked carcinostasls.

Tumor growth was brought to a virtual standstill by the 3.0 mg./kg. dose. A

dosage level of k.O mg./kg, caused significant tumor regression In male host

anlma1s
*

as evidenced by comparing the mean tumor weights of these groups with

those of the sacrificed controls. In female animals, one cut of three experi-

ments showed significant tumor regression at the k mg./kg. dose. However,

the other two experiments showed slight, but statistically Insignificant re-

gression or the tumors. There was virtually no mortality at any of these

dosage levels. At the 2.0 mg./kg. dose there was only slight weight loss, but

a-c dosage levels of 3,0 mg./kg. and above, host weight loss was pronounced.

The results obtained from combining 8=azaguanine and testosterone with

6 .... showed significant tumor regression at all dosage levels of 6-AN. How-

ever, It was noted that drug combinations Including 6-AN at doses of 3.0 and

4.0 mg./kg, produced excessive host weight loss while those with 6-AN at a

dose of 2.0 mg./kg. resulted In only minimal weight loss with little, If any,

sacrifice in the degree of tumor regression, The ability of the double com-

blnation of 8-azaguanine and the 2.0 mg./kg. dose of 6-AN to produce tumor

regression Is of particular Interest, since this level of 6-AN was capable

of only retarding tumor growth when administered alone.

Reversal studies with nicotinamide were carried out with 6-AN to

determine whether the observed mechanism of anti-tumor activity was related

to its role as a vitamin antagonist, The carcinostatlc effect of 6-AN was

successfully reversed by the concomitant administration of nicotinamide. The

vitamin showed no carcinostatlc activity at the dose given and blocked the

ant i -tumor effect of 6-AN.

The optimal functioning of all cells, normal or malignant, appears
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ident upon metabolites and enzymes Interacting ?n proper balance,. It Is,

jfore. con le that this "balance" may be affected by an excess as

as a depletion of a cellular component. Thus, along with our studies of

;. ...jw^;.;.^::^ the effect of the metabolites Itself, on the growth of

:umor —
; been investigated. In the course of such studies with nlcotl-

ie, it was found that high closes of the vitamin (600 mg /kg twice daily)

.--.- . suited in 755 earclnostasis. When nicotinamide at a dose of

Kj./kg ? twice dally was combined with S-azaguanine and testosterone tumor

:.-. was arrested. However, the addition of one more drug, deoxypyridoxine,

;e combination of compounds resulted In significant tumor regression,

Of particular .interest, Is the finding that not one of these compounds,

;.....- _../ tr? p'.e c: t'.on, regardless of dosage employed, was capable of

producing more than Inhibition or stoppage of tumor growth, it required all

four compounds to effect tumor regression. On the basis of these data, the

f-uj. _ . .

.

'..;' cv . plete tumor eradication by larger chemical combinations

appears to gain added strength? This regressing combination furnishes clear

r.: it'.o.'. wf the vjo.-.to.vtlcn of some Investigators that the augmented anti-tumor

bffects obtained by combination chemotherapy are no better than would be

obtained by giving one of the compounds In higher dosage; as noted above,

|nly the simultaneous administration of all four compounds resulted in tumor

regressiono

Biochemical studies on 6-amlnonicot!namlde (6-AN) were divided into

tyja [eneral phases: 1} the search for co-factor analogues or other meta-

[bolic . nents containing the nicotinamide analogue, Isolation and charac-

terization of ~':.zzo, compounds If found and the determination of their acti-

vity against pyridine nucleot! de-dependent enzymes, in vitro.; 2) the deter-

ion of the effects of In vivo administration of the drug on various
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6-AN analogues of DPN and TPM were isolated from tissues of animals

administered 6-AN. Theso same pyridine nucleotide analogues were synthesized

-•- P- :v."ed enzymatic systems.

Enzymatic and chemical studies demonstrate that both compounds are

inactive onzymattcally, having no activity against lactic acid dehydrogenase,

alCOho1 deMrogenase or Isocltric dehydrogenase. Furthermore, reactions

Involving additions of constituents at tho 4 position of the pyrldinlum Ion

are Blther abSGn£ c -" fa!1 t0 Produce the characteristic fluorescence and

accompanying change In absorption spectra which occurs following hydrogen,

cyanide, acetone, or dihydroxyaeetone addition to either DPh* or TPN+. There-

fore, we are tentatively assuming that the presence of an amino group at

position e of the nicotinamide moiety of DPN* and TPW+ prevents the reduction

reactions which normally occur. Thus, the mechanism of action of this power-

'•'*-'• niacin antagonist may be pinpointed.

Che effect of 6-AN administration on tissue DPN* concentrations pro-

duced no significant changes in DPN+ concentration of liver or tumor tissue.

5"AN "--- hovgsver, lntQ?vz-o with the stimulating effect of high levels of

r.:cctl.-.a..-.;de upcr. l.?n
t

synthesis In the liver tissue*

...ales of anaerobic glycolysis of liver and tumor tissue under con-

ditions of 6-AN administration (S mg./kg.) reveal no interference. However,

•of tumor lactic acid and 3-phosphogIyceraidehyde dehydrogenase activi-

ties of these same homogenates demonstrate that, although lactic acid dehy-

drogenase activity Is normal, the activity of 3-phosphogiyceraldehyde dehy-

drogenase Is halved. These are the only two DPN-dependent systems that

.--rt.clp_.to ... -aerobic glycolysis, it Is Interesting that 3-phosphogly-

Nraldehyde dehydrogenase is Inhibited 50% by in vivo administration of 6-AN
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and v- -
no ^cc, on total anaerobic glycolysis Is observed, This may mean

that ., this system (755 tumor) 3-pho SphogIycaraldehyde dehydrogenase Is not
the luting stec, being present in such excess that loss of half of the

original activity has no effect on the over-all production of lactic acid.

Three mitochondrial restricted enzymatic systems were studied In tumor

and ilver homogenates. They were «-totoglutarate oxidase, (3-hydroxybutyrate

dehydrogenase, and pyruvate oxidase, in all cases, liver activity was unal-
tered by the chronic administration of 6-AN. Under Identical conditions,

tumor tf-ketoglutarate oxidation was about 80-90% Inhibited, tumor j3-hydroxy-

butyrata dehydrogenase, 60% inhibited; and tumor pyruvate oxidase, 30% Inhi-

bited. These data again demonstrate tho variable degree of Inhibitory acti-

vity of a particular vitamin antagonist against the different vltamln-con-

talnlng enzymes. They further demonstrate the need for defining quantitative

blochemfcal differences at the vStamln-contalnlng enzyme level, rather than

..'. terms of total vitamin concentration.

If ^_Wvo administration of 6-AN attacks the mitochondrial DPN-depen-

dent systems dealing with oxidative phosphorylation, then shifts In the energy

stores of the tumor should be evident. Accordingly, crude nucleotides were

Isolated from braJn, liver and tumor of control and 6-AN-treatod animals

(8 m3o/kg. x 4), These were chromatographed on paper In two dimensions. The

Individual nucleotides were cut out, eluted, characterized and quantitatively

analyzed. No change appeared In the nucleotide pattern from treated brain

and '.Ivor tissue as compared to control tissues. However, In the case of

755 tumor, adenosine triphosphate levels decreased by 70%; adenosine dlphos-

phate levels by 40%; and adenosine monophosphate increased approximately the

l
amG smo - : th2t the adenosine polyphosphates decreased. Similar Increases

<^~ quantitatively determined for guanosine monophosphate and cytidlne





monophosphate. The following qualitative changes were observed: uridine

»F .osphate increased and guanoslne dl- and triphosphates decreased in con-

centration, Thus, tumor ceils under these conditions present a picture of

energy deprivation; namely decreases in polyphosphates of nucleotides and

increases In nucleotide monophosphate.

in collaboration with Dr. H^KU^^ of the Department of Radiology,

studies combining chemotherapy with simultaneously administered radiotnerapy

have oeen cone. The chemicals employed were 6-mercaptopurine and 6-amino-

nfcotinamlde. When these compounds were introduced in the combined dosage

."i-i-.cc, r-ercarrtage of cure in experimental groups of mice with breast cancer

rose from 27 par cent with x-ray alone to 86 per cent.

Because ...lose results suggest the desirability of clinical trial, the

known :;""—---^ on 6-mercaptopurine was reviewed. -This compound has been

extensively explored by other investigators and has been found to have a

dramatic effect upon numerous experimental tumors. However, when tested

against human solid tumors, 6-MP has been found to have little or no effect.

One possible explanation for these apparently different results may be found

by e*am!n ?ng the methodology employed. At the clinical level, compounds in

the experimental stage are used against only the most advanced cases of human

cancer, which means the compound must act upon extremely large tumor masses.

..'. laboratory studies, treatment is usually begun from 1 to 7 days after tumor

transplantation, which means tumor mass Is relatively small. Therefore, 6-MP

experiments were set up with treatment initiated on tumors of varying size In

^ gross attempt to correlate the wide range In tumor size found between

laboratory and clinical studies.

Therapy was begun with 6-MP on 755 tumor-bearing animals" 1, 8 and 15

days after transplantation. Results showed that complete tumor regressions





(% tumor "cures") were in Inverse proportion to the day treatment was begun.

Thus, on the large tumor masses (15 day), complete tumor regression was never

produced, but moderate carcinostasis occurred.

These results suggested two possible explanations; that Is, tumor age

or tumor size Therefore, experiments were conducted to study the age factor.

The large tumor masses found at 15 days were cut back (by employing partial

surgical excision) to approximate the size of an 8 day old transplant. 6-MP

was ad ilstered to these latter groups of animals with the result that

"cures" were produced, whereas no "cures" were produced in groups receiving

slther surgery or chemotherapy alone.

All of the above findings suggest that It may be possible, by employing

surgery followed by a course of iho. appropriate antimetabolite therapy and

radiotherapy, to save certain patients previously considered hopeless due to

non-local 1 zed malignant disease^ These possibilities are planned for clinical

study in the near future.

Su 'glcal pathology

_~ tJjzDB.' J., Hal m and R C
|

Latte.s have completed an analysis of the

clinical-pathological correlations In our series of 117 malignant melanomas.

This s^udy shows that the overall 5-year survival of the cases receiving

radical w.-eatmer.t In Presbyterian Hospital was 3** per cent a The most Smpor-

tant single favorable histological feature was the tendency of the neoplastic

cells to z^zzd laterally rather than In depth (lateral junctional spread).

The soundness of prophylactic regional lymph node dissection was proven by

the demonstration of unsuspected histological metastases In the regional

lymph nodes removed prophylactlcally In patients who had no palpable nodes

and who survived at least five years post-operatively without evidence of





::

r *ence or metastasis. The best prognosis (60 to 70% 5-year "cures") was

associated with the following combination: female sex; primary lesion less

than 2 cm, ... diameter; lateral junctional spread; no palpable regional

lymph nodes; prophylactic lymph node dissection,, This study will be pub-

1 i shed i n detal 1

«

.« R« lattes has completed a cl inleo-patho logical study of 8^- cases

of tumors of the thymus. The conclusions reached were; Most of the thymic

tumors consist of an admixture of lymphoid and "epithelial" elements. The

difference In the ratio between the two cell types, and the morphological

variations among the epithelial cells, give rise to a great variety of hlsto-

loglcal patterns, When thymomas occur In patients with myasthenia gravis,

more or less conspicuous sheets and nests of pale epithelial cells are found

..-. about one-half of the cases* However, similar pale cells were seen also

In non-myasthenla cases. Among the primary thymic tumors, non-associated

with myasthenia gravis, there are two groups of lesions which are worthy of

special mention; the so-called "granulomatous" thymoma, and the so-called

"ser Dmatous" thymoma,, It Is possible that the former Is a manifestation

of Hodgkln's disease, and the latter a teratomatous lesion. On tissue culture

study neither of these types of lesion has grown with the pattern typical of

thymic tissue. Clinically, most of the thymic tumors are local problems:

they .v.ay become Inoperable because of local extension or pleural implants.

Distant metastases are rare and occur In tumors which are otherwise atypical,

"Issue culture is an Invaluable tool In the study and differential diagnosis

of mediastinal tumors of possible thymic origin,

P.„ GrlnneJJ. and M. Lane have completed an important clinico-

pathological study on adenomatous polyp of the colon (about 1800 cases).

This work which cannot be summarized adequately In a short space, analyzes





in detail the significance of the adenomatous polyps and of the papillary

adenomas as "precancerous" lesions, and the clinical Implications of the

— tologscal finding of carcinoma ?n situ or invasive carcinoma In peduncu-

lated and sessile polyps. This work will also be published in detail in the

near future

Drs . Lane and H„ Dorfman have started a study of certain types of

- of the stomach, in an effort to establish a correlation between the

small carcinoma masquerading as benign ulcer, and the clinical course following

sub-total gastrectomy. This work Is in progress now.

Dr. Lane has completed and published an interesting study of an unusual

variety of squamous cell carcinoma of the mucous membrane of the oral cavity

and pharynx, which is associated with bulky masses of "pseudo-sarcomatous"

appearance. The pathological study and especially the clinical course of

these cases suggested that only the carcinomatous portion had truly malignant

neoplastic properties. The Interpretation of the nature of the "sarcomatous"

Component of these lesions Is difficult. These cases do not fulfill the re-

quirements for their classification as "carcinosarcoma" or "collision tumor".

The suggestion Is made that the "sarcomatous" component of these growths is

pYobably not a malignant neoplastic tissue, and for this reason its tentative

Resignation cis "p^eudosarcoma" is proposed.

itos, in collaboration with Professor H. Hamper 1. of Bonn, Germany,

has completed and published an histological study on the differential diagnosis

between non-chromaff In' paraganglioma and the so-called alveolar soft part

Sarcoma (or organoid granular cell myoblastoma). With a modification of the

Bodlan stain suggested by j5r. Hamper 1 , it was shown that argyrophile granules

are present in the cells of the non-chromaffln paraganglioma but not In those

of the "organoid granular cell myoblastoma". This observation is of interest
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in view of the suggestion by some authors that these two tumor types may be

QL' Lattes , In collaboration with D£ _C_„__Gross! a has completed and

publ!— - In detail a study of five cases of carcinoids of the stomach. It

was felt thai the unique biological behavior of these tumors, with slow pro~

gresslon even after regional metastases have occurred, makes them a clinical

as well as a pathological entity,, In evaluating long-term results after

surgery for gastric cancers? those neoplasms should always be segregated

from the larger and more malignant group of the other metastasizing epithe-

lial tumors of the stomach 8

Z/;?ilgL9_Dg l afield Hospital

The studies of Dr. Cushmon D» Haagensen 3 assisted by px» Sam? 0beld»

American Zanoor Society Fellow, on the spread of mammary carcinoma to the

regie;.-', lymph nodes continues, A special emphasis Is being placed on the

value of the "apex of the ax! Ha" biopsy as part of the triple biopsy. To

date ever 100 "apex of the axilla" biopsies have been done. prs, Haagensen

-•- i 1A nave a^ so succeeded In having both the Surgical Pathology Depart-

ment and Presbyterian and Delafield Hospitals report the positive axillary

lymph nodes In like manner so that In the future our results may be more

accurately comparable for study,

- -.__;
'-

.
':/::'':'::_ and Dr<, Thomas V»^San

;
;.

,
j [ are currently in-

vestigating the problem of suture line recurrence in colon carcinomas. They

ha\ been particularly Interested in the Influence of Intestinal antibiotics

an tumor cell Implantation and have been conducting controlled experiments In

rabbits using the Brown-Pearce carc!noma 9 This work will continue during the

coming year s On the Gastro-Intestlnal Service at Delafield Hospital, as a

•o lection of this laboratory work, a controlled series of colon resections





have been done using preoperative antibiotic bowel preparation in eitornete
cases*

ostein, American Cancer Society Fellow, has begun a very
- -

- study Into tt,e feeding of debilitated patients. She has studied
fBt

" "•'
a 9roup of P«!ents who have been placed on high-caloric

PPotelti diets U an attempt to reverse their cachexia. A Barron Food Pump
has recently been acquired which permits giving a patient 220Q calories In a

2100 cc volume* This permits, hsgh-caloric feeding without diarrhea. This
- of the nutrition of patients Is of vast importance especially in cancer

pa :ients.

The Head and Neck Service under Dr. .D^Wdju and Dr» C&±F£lj& has

been carrying an Increasing and heavy load in clinical material in the past

har. We have noted a considerable decrease in the matter of postoperative

lymphedema of the face following total glossectomy and bilateral neck

dissection, by alteration in the incision used which helps preserve the

dermal lymphatics.

In the past year lesions of the tonsillar fossa have been subjected to

earlier surgical Intervention. The results so far are encouraging, As Is

well known, this area has not often been subjected to surgical attack, as the

Jesuits In the past have not been encouraging.

£:• ^j:^L32^S2L has continued to study all of the women coming to the

|I afield Hospital with carcinoma of the breast. With the cooperation of the

-est of the surgical staff all breast lesions are accurately described on a

special breast map. The details of the lesion and the patient's history have

len recorded on the mammary carcinoma summary sheet, which Dr. Cushmr, D.

; L9i} :.as been using for the past 18 years. Dr. Sanger is also continuing

i survey of all the head and neck carcinomas admitted to Delafield since Its
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n'ng, The purpose of this study Js to determine the reason for failure

... this large group of patients, many of whom have been treated primarily In

other hospitals In New York CIty„

''!e3., U. Find lay has for the past year been studying the action

of tranquilizers on terminal carcinoma patients with and without pain* St

appears that these drugs do not have a persistent effect and that they are

not particularly valuable In the management of these patients a A study under

££• Hndlay*s direction and with the assistance of the surgical staff is being

carried out for Wyeth Laboratories on the use of Phenargan for postoperative

medication of patients having endoscopic examination under local anesthesia.

Pi illmlnary findings show that the drug is of little use by Itself, but that

when It is combined with other common preoperative medications better results

i^re obtained. A few patients have had tumors of the esophagus and bronchus

injected with Pontamine sky blue dye 6 Subsequent supraclavicular fat pad

biopsies were performed shortly after injection* The diffusion of the dye in

these cases has been so Inconstant that no conclusion can be reached at present.
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At the Squler Urologlcal Clinic, Djr„ M. >M» Melt cow completed a study on

125 tumors of the testis which was the subject of a paper entitled "Classifi-

cation of Tumors of the Testis". A working classification was Included which

was based on the premise that testicular tumors arise from one of three cell

types: interstitial., Sertoli and germinal (spermatogones or spermatocytes) a

Tumors arlslr.c from the first two were rare? whereas those from the last com-

prised the bulk* Germinal tumors were of two varieties: a) Seminomas

nomas), which may be looked upon as "sterile" tumors because the

component cc'.'.„^ hold on to, or have lost the potentiality of forming three

rerm layers. They merely repeat their own pattern as they multiply,, b) Em-

br :cus and teratomatous tumors, which may be looked upon as "fertile"

lumors in that the potentiality for germ layer formation has been unlocked

fro:.', the nuclei of their component cells. This results In an attempt to

mutate events that are set In motion when an ovum Is fertilised: ceil

division ieacln; up to the formation of a biastula with trophoblasts, then

I splitting Into three germ TaXSCg. w^ cn * n turn ^orm organs and ti ssues

and which arc than organized into systems that comprise the completed being

jjfetus) b in these tumors there probably Is first a rapid formation of

evanescent olastulas, Embryoma, usually In association with trophobiasts

[choric ...- :y. noma) ; then a breaking into a hodge-podge of 3 germ layer

elements with a predominance of one or more layers: embryonal carcinoma.

Then there Is a partial attempt for some portions to differentiate Into

3S or parts of organs while the remainder continue as an embryonal

Itroma ^tcratocarcinoma) ; and finally there may occur, rarely, almost

complete differentiation Into a scrambled mass of tissues and parts of organs

(adult teratoma). It Is all a moving picture process and the rate of





envelopment varies with each patient and the findings depend or; the stage

when the tumor Ic discovered and exclseG Combinations can occur because

some area ,\'ltb;n a tumor may undergo changes faster than other areas. It

Js to be expected that

1, Embrycma Is an unstable, temporary stage and therefore rare,

2, Choriocarcinoma is also rare. It tends to metastasize early

and kill.

3* Embryonal carcinoma, and

h t Teratocarcinoma are the common tumors and

5» Adult teratoma is benign and rare,.

The majority of nongermlna! tumors were of the interstitial variety.

The granulosa eels tumor In our series was an Interesting pathological find-

:.".;„ "/he majority of the secondary tumors were lymphomas and cancers of a

-.;:......- 01 ._./.. Lymphomas metastasizing to the testis were sometimes mis-

taken both clinically and pathologically for seminoma, particularly when

|{
the presenting symptom was a testicular swelling, A correct differential

diagnosis ... these lesions Is important. In view of the difference in prog-

nosis, Primary testicular tumors were rare In children. There were no

; semicomas In this group,

ieow completed a comprehensive report on bladder tumors, their

:flcat!on and results of treatment, it was based on a cllnico-patholo-

i gleal review from the files of uropathology of the Squler Clinic, the Depart-

ment of Pathology, Columbia University, Surgical Pathology of the Presbyterian

. tal and the pathological material from Sloans Hospital and Babies'

I Hospital, Ninety-five per cent of 9l Li cases of primary bladder tumors de-

veloped from the urothelial lining and over 5% (**2 cases) arose from the

'cma. Of the former 31,1% were papillary urothelial tumors and 7% were
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non-papillary; about 11 .4% wore metaplastic (squamous cell and glandular)

and 0,5% were glandular of urachal or subtrigonal origin. Of the papillary

t mors 92 or 12,4% were papillomas; 187 or 25*3% were grade I carcinomas;

182 or 2'i
= 7% were grade U carcinomas; 150 or 20*2% were grade in carcinomas

and 130 or 37,5% were grade IV carcinomas. Fifteen of the stroma! tumors were

benign cir,6 25 were malignant. Fifteen of the latter belonged to the myosar-

coma group.

The problem of therapy of vesical cancer was discussed In the light

of four alternate objectives which motivate the attack on malignancy: a) the

Ideal *• destroy Che cancer and preserve anatomy and function; b) the prac-

tical •= destroy the cancer with moderate sacrifice of anatomy and function;

c) the radical attempt to destroy an extensive cancer by considerable sacri-

fice of anatomy and function; and d) the palliative attempt to maintain life

v.'. 'jr. rc'.ac'Jvo comfort in patients with Inoperable malignancies. Underscoring

all treatment should be the search for the carcinogenic agent(s) and for the

factors which aid growth , accelerate spread and Induce recurrence; and for

the -c '...'/„ oh have an opposite effect.

The following unique features of bladder cancer made adequate treatment

d .
'.' 7 3 cu . 1

5

a) All therapeutic procedures violated a major dictum In cancer

therapy, l,c 8 not to operate In a cancer-contamlriated field. This was probably

a major factor In "seeding" cancer cells and the cause of many "recurrences",

b) The severity of bladder cancer varied not only with the grade

but also with the site, size., shape and depth of tumors, No one method of

treatment was applicable to all, «

c) Microscopic foci of neoplasia, Invisible to the naked eye, were

present in come bladders at the time of destruction or removal of a. large tumor.
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Subsequently the foci came of age and the patient returned with more tumor (s).

An unknown carcinogenic agent probably continued to act on the

vulner—ije urothellum even after adequate removal of a tumor and thus led to

the development of a now one*

Transurethral fulguratlon or resection of a bladder tumor fulfilled

objective n 1, The procedures however, was limited to those neoplasms which

ware readily accessible and which could be ablated at one sitting. The

papillary tumors with narrow pedicles responded well to this modality. Neo-

plasm ch had penetrated the base were treated
:

more adequately wtlh the

resectoj ;ope but it was often difficult to gauge the depth to which the tumor

had reached.

The great frequency of multiple recurrences following transurethral

fulguratlon suggested the'posslblllty of seeding resulting from manipulations

by the instrument and/or (more probably) the continued action of a carcino-

genlc agent(s) acting on vulnerable urothelium.

Suprapubic segmental resection met objective f; 2 in the management of

large, -.road, sessile growths arising from mobile portions of the bladder.

Recurrences, however, were frequent and there was a great Incidence of abdo-

minal scar Involvement by tumor due probably to seeding at the time of opera-

.ion, use of strong chemicals to destroy free cancer cells was ineffec-

tive in preventing recurrences, it was not possible to kill all the cells and

... the meantime the Injured surface apparently acted as a more receptive field

for implants* Scrupulous care In handling the neoplasm during operation and

;:
j

c-je-._';;.c t:.a abdominal wall Is Indlcatedo Change of towels, gloves and

Ir.at:*u;;.a.'.-':a aft a.- ao.v.p'.ctlon of the resection Is advisable.

Large, penetrating tumors, particularly in fixed regions of the bladder,

were often treated effectively with radium needles Inserted via the suprapubic





"» P-autions mentioned under ihQ prevlous pflragraph ^^^^cooperative morbidity from lnflmationi !nfection> u)eorat[on ^ ;a]carcou

-

• "• - a serious complication. Thus objecUvo „. 2 wa3^ ^^ ^
'S!derab,e fUnCUOna

' "'""rt-ne. fenced thl, form of therapy.

- - -, and ureteral transp.antatlon were carried out ,„ paUen£s
»sive surface involvement, f„ those with logons looatod on the trl-

gone and/or Madder neck, and a! , !,..%<, .no „ a last resort on patients who, |„ sp(te of
""0US PreVi °US treatments (figurations, radium or segmental resection)

continued to return with mere and more tumors.

Theoretical
ly, complete removal of the entire cancer-bearing area and

- »H the vulnerable uroth.Hu, should have beer, the ideal procedure in a*** - SUCh 9reat £°nde ncy *° recur. It met objective »»3 .

Bladder function was lost, but a cloaca was substituted. Unfortunately the
reSU ''" '"

'
''"'•"-

-

: -' »""««'<*>«*. Electrolytic disturbances, acidosis

< -
--eve all ureteral obstruction, hydroureter, hydronephrosis and pyelone-^- -' freqUMt "d Seri °<" creations. Life with comfort was pro-

• c -":cc cr'»y '' 2 few cases

.

- It were possible to tell in_advanco which case would return again
- recurrent) following other forms of therapy, then cystectomy n«r-

isrs^^oro Infection, mural extension, renal damage, constitutional deter-

-
ion could set In, might save much pain and trouble to both patient and

-tor. Unfortunately, there Is no way at present of determining this In
advance.

Exter, Sve mutilating operations (total cystectomy, enteratfon, etc.)

• patients *:th deep-seated Invasive tumors Increased debility, destroyed

ty and die not significantly lengthen postoperative life 'span,

Illative therapy (objective *» was applicable in such cases and consisted
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"-- to relieve pain, lessen or remove obstruction and combat infection,

In cc iclusion, It is not possible in theppresent state of cur knowledge

to be dogmatic with regard to the superiority of one form of therapy over

another o But it is Important to know the nature of the enemy, to understand

the problem, .to seethe Indications, effectiveness and limitations of all the

modalities of therapy «= - that is half the battle; and It was with this ob-

jectl o in mind that the review was made

.... article by Dr ? Hejlcovi on "Hibernating Fat and Pheochromocytoma"

published. This Interesting observation of brown fat in association with

pheochromocytoma Is being studied further In our laboratory.

Dr.
;
;JlgJ-Lcp-W snd Dr. A ^_C_ a_Ugon are at present engaged In the

following studies: _~

1) A correlation of gross uropathology with urography with the

object of elucidating principles in diagnosis which will aid in earlier

recognition of the various neoplastic lesions of the urinary tract* The

entire subject will be presented in a book entitled "Integrated Urography

and Gross Uropathology",

2; .-. c". Ir.Ico-oatholog'cal evaluation of gens to-url nary malignan-

cies Including those of the adrenal gland and retroperitoneum. The objec-

are to cote.:., a satisfactory pathological classification, to present

suggestions for teller clinical recognition, to Improve surgical procedures

and follow-up contrail-.

3) A program of further studies Into the pathology of vesical

neoplasms, particularly in regard to newer special staining techniques.

k) A cllnl co-pathological report and review titled "Gonadal

Neoplasms In intersexes",

5} A cl Ins co-pathological report (together with Dps. A. Demon





and on -••- combination of renal neoplasms with polycythemia.

6) A study and report or, the cellular changes In prostatic acini

in association with infarcts, estrogen therapy, etc,

• the direction of Dr. Perry_S^ Hudson^ basic cancer research in

the f ' elds -'' steroid biochemistry, enzymology and nucleic acid chemistry

has been continued, The group Sncludes
3
at the professional level, l£s s t.

-haoi s. Lombard? and Rosernarie Bauer, working in the cancer

laboratories of the College of Physicians and Surgeons and at the Francis

Delafield Hospital.

.;. an attempt to find a correlation between values for urinary estro-

--- ----- -- response to hormonal depletion operations in mammary cancer

patients, samples of urinej^ere assayed in nine patients before such surgery,

aiter tcie ovaries and one adrenal gland had been removed, and after completion

z: bilateral ovariectomy and bilateral adrenalectomy. The results of this

experience substantially support the contention made by Thomas Dao in 1953

that patients having a "high" urinary estrogen level may be expected to

respond favorably to adrena 1 ectomy

.

Eight other patients have been studied by means of assay of adrenal

-•—•- ----- ... addition to urine,, in each of these patients, both ovaries

and :..^ right —*enal :.ad been removed After a period of time to Insure

--: -"-' /-..-.' sources of endogenous steroidal substances, samples of

---'
. - j'lood were collected by cannulation at the time of left

adrenalectomy, Exogenous steroidal- contaminants were eliminated by with-

• . >rtisone acetate and other supportive measures involving the use of

s> . ;ics of the blood was completed. Preliminary bioassay

- - . . - .. :ate the presence of estrogenic material In human adrenal venous

An attempt at chemical characterization of these estrogenic substances
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is now In :.-ocress 4

;;c„:c':oc 1:3:7.pies frcm udrc.-.c'. £'„;_.-._3 obtained f-c.v. ;.:_.r;.iry cancer

patients wore extracted and ehromatographed. These studies have demonstrated

t rhydrox} latlon, 17eHiydroxylataon, and 21 -hydroxy! at I on of the steroid

mole— e _._ 7.^. .-._.-, adrer.al -le^ue J_^L..'/I t-'Q 3 evidenced by the conversion of

progesterone, I ^-hydroxyprogesterone and 1 l»deoxycortisol to Cortisol.

It has been conclusively demonstrated, using both radioactive and non-

radioactive progesterone, 'that normal human testicular tissue can utilize

this steroid hormone as a precursor for androgen biosynthesis. The mechanism

appears to be one of hydroxylatlon of the C^ position and reduction of C
2Q

ketone with the subsequent removal of the side chain as a one» or two-carbon

unit. The Intermediates isolated and identified were 176J-hydroxyprogesterone

and a 3-73 C03 glycol . The authentic androgen Isolated was testosterone.

C'^-labeled steroids have been used in experiments to investigate the

role played by the bile in the excretion of steroid metabolites,, The bile and

urine of dogs with surgically produced biliary fistulas were extracted and

fractionated, and the radioactivity of the fractions quantitatively determined.

Pre Inary results indicate that the hepatic and biliary participation in the

metabolism of steroidal substances Is significant

Methods have been developed for the critical quantitative evaluation of

the .r.

1

. ,._.;.'_:.. s ue;.titles of nucleotides available in the acid-soluble fraction,

ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) of small samples of

human tissue^ and detailed studies of absolute turnover rates done. Nucleo-

tide composition and metabolism of normal human tissues have been found to be

roughly but not exactly the same as those of the malignant tissues studied.

Special technical problems In investigation of the mechanism of nucleic

acid biosynthesis In surviving human cells were found to be concerned with
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negligli ie permeability of eels walls to mononucleotides, and rapid reversible

side reactions of the mononucleotides Inside the cells,

Ssotopic tracer experiments with small "molecule precursors of nucleic

acids have Included study of reactions which constitute paths of entry and

those which may he classified as side reactions,

A new assay method of trl peptidase was developed, and used to assay

the enzyme when its level is elevated, as in certain pathological conditions,

like cancer and liver disease. Contrary to previous theory that high levels

or trlpeptldase were indicative of cancer alone, it was discovered that In

patients with cirrhosis of the liver, metastatic disease to the liver and

other disorders which produced biochemically demonstrated hepatic impairment,

the tripeptldase values were also abnormal,

A method of purifying solublllzed uricase was developed during invest I

-

gatlons Into the potential enzymatic control of uric acid metabolism, in

animal experiments, about 50% demonstrated urlcolytlc response to the enzyme,

A clinical trial has also been made In two patients. Since the presence In

the circulation of excess uric acid In some cancer patients undergoing x-ray

or chemical therapy Is well known, and as the rate and total amount of destruc-

tion of cancerous tissue by x-radlation increases with the development of new

methods and as chemotherapy becomes more and more effective, the problem of

removal of z^.z'n breakdown products from nucleic acids will increase in impor-

tance*

.,-. d i-__cy of acid phosphatases, an almost pure form of a phospho-

monoesterase was isolated from yeast, and its stability characteristics de-'

terms ned. The enzymes present In the human erythrocyte were also the subject

of Investigation, and a method was developed for Isolating an almost pure

jrorm of a murine .-.ucleoslde phosphorylasej its specific properties were

descr;„ed
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in the course of the study of the biological behavior of prostatic

-

:

~
"• - eC

°* ^ P^tate gland have been performed tn one series
°f PattentS ^ th£ ^nzlS De ' afield Hospital since 1951, The Incidence of
unsuspected prostatic cancer has been found to be approximately 12%, confir-
ming earner autopsy studies made elsewhere. The system of follow-up has
yielded a rate of 80%. Thc statistical data being accumulated also will per-
mlt evaluation of various forms of therapy in malignant disease. These In-
clude palliative as well -as curative methods of treatment.

3th0d ° f UrInary Version has been developed, in which a segment
° f tCr - l}om Is emP' cVed «* a -physiological valve- between the ureter
and sigmoid so relieve back pressure upon the ureter by utilizing ^ unidi-
rectional peristaltic action Inherent In this portion of the ileum. After a

series performed upon dogs, ureteroileoslgrnoidostomy has been employed in

rive humans with encouraging but -quivocal results.
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